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Abstract 
 
The Chun T’Oh Wudujut is a provincial park located in the Interior Cedar-Hemlock 
biogeoclimatic zone. My objective was to assess the use of carabid beetles as bioindicators of 
change in this unique interior temperate rain forest ecosystem. Using a combination of 
morphotyping and DNA barcoding, I examined the diversity of carabid beetles in three different 
habitat types: clear-cuts, undisturbed old growth, and disturbed old growth subject to frequent 
human traffic. Nineteen species of carabid were observed, with the highest diversity occurring in 
clear-cut sites. Carabid diversity in both old growth habitats was similar, but differed from that in 
the clear-cuts.  Temperature and relative humidity proved more variable in clear-cut sites; this 
may impact carabid biodiversity, and should be measured in future bioindicative studies. Several 
species of carabid beetles (alone and in combination) were identified as possible bioindicators, 
including Scaphinotus marginatus, Trechus chalybeus, Pterostichus herculaneus, 
and Pterostichus riparius.   
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Chapter 1: Introduction 
1.1 The Chun T’Oh Wudujut 
 
The Chun T’Oh Wudujut (also known as the Ancient Forest) is an inland temperate 
rainforest in the Interior Cedar-Hemlock (ICH) biogeoclimatic zone, recently designated by the 
BC government as a provincial park (BC Parks 2016). A unique ecosystem, located in British 
Columbia between Prince George and McBride (Figure 1), the Chun T’Oh Wudujut combines 
characteristics of coastal rainforests with aspects of the surrounding boreal forests (Stevenson et 
al. 2011). 
The Interior Cedar-Hemlock biogeoclimatic zone occurs in two separate areas in BC 
(Ketcheson et al. 1991). A smaller section is located in the north of the province, east of the 
Coast Mountains in the basins of the Nass, Skeena, Stikine, and Iskut rivers, while a larger area 
stretches from BC into portions of the northern United States (Figure 2). Within BC, the larger 
area is located on the slopes of the Columbia Mountains in the Interior Wet Belt, as well as on 
the western edge of the Rocky Mountains and a portion of the Shuswap and Quesnel highlands. 
The ICH mostly occurs at mid to low elevations, between 400 and 1500 meters above sea level. 
The ICH receives between 500-1200 mm of precipitation per year, high but still lower than in 
coastal hemlock forests. Mean annual temperature ranges from 2 to 8.7°C, averaging below 
freezing for 2-5 months per year (Ketcheson et al. 1991). 
The ICH has the greatest tree diversity of any biogeoclimatic zone in BC, and is mostly 
dominated by western hemlock (Tsuga heterophylla (Raf.) Sarg.) and western red-cedar (Thuja 
plicata Donn ex D. Don), which form most of the considerable canopy cover (Stevenson et al. 
2011). Some of the western red-cedars are speculated to be over a thousand years old. The   
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Figure 1: Geographic location of pitfall trap sites within the boundaries of the new Chun T’Oh 
Wudujut Provincial Park, British Columbia, Canada. Green shaded areas represent the ICH 
biogeoclimatic zone, while grey shaded areas represent other zones. “C” represents clear-cut sites, 
“D” represents disturbed old growth sites, and “U” represents undisturbed old growth sites. 
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Figure 2: Distribution of the Interior Cedar-Hemlock (ICH) Biogeoclimatic Zone within British 
Columbia and the neighbouring United States. Coastal Temperate Forest is also indicated. BEC 
zone mapping from Data B.C. (https://data.gov.bc.ca/). Adapted from DellaSalla (2011).  Map 
by UNBC GIS lab (June 2019). 
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understory is largely made up of devil’s club (Oplopanax horridus (Sm.) Miq.), various other 
shrubs, and various species of moss (Stevenson et al. 2011). Several other tree species also occur 
in the ICH, including Douglas-fir (Pseudotsuga menziesii), white spruce (Picea glauca (Moench) 
Voss), Engelmann spruce (Picea engelmannii Parry ex Engelm.), spruce hybrids (Picea glauca x 
engelmannii), and subalpine fir (Abies lasiocarpa (Hook.) Nutt.) (Meidinger & Pojar, 1991, 
Stevenson et al. 2011). 
The forest is home to a great diversity of animals, including grizzly bears (Ursus arctos 
L.), mountain caribou (Rangifer tarandus caribou (Gmelin)), moose (Alces alces Linnaeus), and 
pileated woodpecker (Drycopus pileatus Linnaeus) (Meidinger & Pojar 1991). The ICH also 
provides habitat to several rare species, such as the northern myotis (Myotis septentrionalis 
(Tronessart)), a bat known from only eight sites in BC, two of which are located within the Chun 
T’Oh Wudujut (Stevenson et al. 2011). Two ecologically vulnerable fish species, the westslope 
cutthroat trout (Oncorhynchus clarkii lewisi (Girard)) and bull trout (Salvelinus confluentus 
(Suckley)) are also known to occur within this ecosystem (Stevenson et al. 2011). The 
Townsend’s big-eared bat (Corynorhinus townsendii Cooper) and Forster’s tern (Sterna forsteri 
Nuttall) are among the BC red-listed species that occur within the ICH (Meidinger & Pojar 
1991). 
Located between Prince George and McBride, along the path of Highway 16, the Chun 
T’Oh Wudujut spans an 11,190-hectare area (BC Parks 2016) mostly comprised of old growth 
stands (Figure 1). The Chun T’Oh Wudujut lies within the southern area of the ICH, and mostly 
occurs within two of its subzones – the ICH-wk (wet and cool), and the ICH-vk (very wet and 
cool) (Meidinger & Pojar 1991, Stevenson et al. 2011). The rainforest is at a high latitude, 
between about 50°30’N and 54°N near the Rocky Mountains, and far from the ocean, yet 
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experiences ocean weather systems as they move across the Interior of BC and are pushed up 
over the mountains (Stevenson et al. 2011). It receives very high precipitation, between 788-
1240 mm per year (Stevenson et al. 2011) and winter precipitation is primarily in the form of 
snow, leading to a considerable snowmelt in the late spring (Stevenson et al. 2011). The Chun 
T’Oh Wudujut is surrounded by drier zones more typical of inland British Columbia (Sub-boreal 
Spruce and Engelmann Spruce-Subalpine Fir), and showcases a singular combination of 
“continentality and humidity” (Stevenson et al. 2011), making it representative of a globally 
unique ecosystem (Stevenson et al. 2011). 
The Chun T’Oh Wudujut has an uncertain and wide range of fire history, with major fires 
estimated to occur between every 800 to 1200 years (Sanborn et al. 2006). Because fires are so 
infrequent, the forest is naturally dominated by old growth stands. Other disturbance agents 
include bark beetles, storms, and heart rots, but those rarely destroy entire stands and are 
generally limited to killing a few trees at a time. Western hemlock looper, Lambdina fiscellaria 
lugubrosa (Hulst), is also present, and has been known to cause major conifer mortality within 
British Columbia, (Kinghorn 1954, Alfaro et al. 1999), although such incidents are infrequent 
within the Chun T’Oh Wudujut (Stevenson et al. 2011). 
The area of the Chun T’Oh Wudujut was, until its recent designation as a provincial park, 
harvested by several different licensees. Harvest rates were relatively low, as most recent harvest 
effort has focused on stands in the Interior of BC infested by mountain pine beetle 
(Dendroctonus ponderosae (Hopkins)), instead of the hemlock and red-cedar-rich stands of the 
ICH. The ecological integrity of the system was, however, at risk due to those disturbances. 
Harvest tends to occur much more quickly, and over a larger spatial scale, than the natural 
disturbance regime in the forest: ecological damage could result, and unique biodiversity may be 
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lost before it can even be documented. Licensees have practiced various harvest strategies within 
the Chun T'Oh Wudujut, and some, after clear-cutting stands dominated by western red-cedar 
and western hemlock, have replanted to hybrid white spruce, changing the structure of the forest 
(Government of BC 2017). 
The Chun T’Oh Wudujut became a provincial park on the 19th of May, 2016 and was 
recognized as a protected area on the 23rd of June, 2018 (BC Parks 2016). As such, it falls under 
the jurisdiction of the BC Parks Act of 1996, and so is protected from most industrial 
disturbances. Much of the surrounding ICH ecosystem, however, is not, and biodiversity studies 
are important to understand how the forest is affected by harvest and other disturbances, and to 
help us to minimize those impacts. The Chun T’Oh Wudujut contains a diverse array of habitat 
types, and a wide range of levels of anthropogenic disturbance. Some areas within the park have 
been subject to a severe human disturbance, particularly through harvesting activities, while 
others experience light but frequent disturbance, being close to public walking trails, and yet 
others are even further away from any human disturbance, mostly only subject to natural 
disturbances. 
Studies have supported that the formation of parks does help to preserve natural habitat, 
reducing the scale of land-clearing activities (Nagendra 2008). This is especially true within 
North America because of the limited number of people granted authority over the parks system, 
and British Columbia is no exception to this, naming only the minister and their proxies as 
overseers of provincial parks (BC Parks Act, 1996). However, there can also be problems 
associated with the formation of parks, related to the increase in public use of the land. For 
example, since the declaration of the Chun T’Oh Wudujut park, the parking lot has been greatly 
expanded and the volume of human traffic has likely increased.  
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1.2 Ground Beetles (Coleoptera: Carabidae) 
 
Carabidae is one of the largest and most diverse families within the order Coleoptera 
(Lövei & Sunderland 1996). Carabid beetles date back to at least the Tertiary period, and have 
moved into almost every terrestrial ecosystem on Earth (Lövei & Sunderland 1996). The family 
consists of over 40,000 species in 86 tribes (Erwin 1985, Lövei & Sunderland 1996), 
approximately 2,000 of which can be found in North America (Bell 1990). Carabids are 
colloquially referred to as ground beetles, and most members of the group are predatory, though 
they also scavenge animal and plant matter. As their name suggests, they are primarily terrestrial, 
using flight almost exclusively for dispersal, though many members of the group have 
specialized to live arboreally (Darlington, 1971, Lövei & Sunderland 1996). 
Carabids have been intensively studied, largely in the service of agriculture, but carabid 
ecology and genetics have also been the subject of numerous studies (Bell 1990, Lövei & 
Sunderland 1996). Most temperate carabids produce one generation each year, laying eggs in soil 
or among debris (Bell 1990, Lövei & Sunderland 1996). Typically, a female carabid will lay 
between 30-600 eggs one at a time, depending on species (Bell 1990). Carabids usually have 
three larval instars and pupate under the soil (Bell 1990, Lövei & Sunderland 1996). Carabid 
larvae are not armoured as their adult stages are, and thus are very dependent on their mother 
laying their eggs in a good location (Lövei & Sunderland 1996, Kromp 1999). The larvae of 
most carabid species often live primarily below the soil surface, while the adults are usually 
epigeal (Kromp 1999). Carabids usually develop to adulthood, breed, and die within a single 
year, but under certain conditions, some species can survive up to four years (Lövei & 
Sunderland 1996). 
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 Carabids can be both nocturnal and diurnal. A single species can be nocturnal in one area 
and diurnal in another, or in some cases contain different nocturnal and diurnal populations in the 
same area, demonstrating that they are highly adaptable (Thiele 1977, Kromp 1999). 
 Most carabids are polyphagous, but primarily carnivorous, with a few exceptions (Bell 
1990). They feed on invertebrates and plant matter, as well as scavenge (Bell 1990, Lövei & 
Sunderland 1996), and many agricultural pests are included among their diet (Kromp 1999). 
Carabids consume a great deal of food, close to the equivalent of their own mass each day 
(Thiele 1977, Kromp 1999). 
 The vast majority of carabids primarily employ terrestrial locomotion, but several species 
use wings for dispersal (Bell 1990). There are three broad groups of carabids, based on the 
presence or absence of hind wings (Bell 1990). Brachypterous (short-winged) carabids do not 
have functional wings in any individuals, and rely solely on terrestrial locomotion for natural 
dispersal (Bell 1990). Macropterous (long-winged) carabids have fully developed wings in all 
individuals, though they are often primarily for dispersal, with the carabids relying on terrestrial 
locomotion for foraging (Bell 1990). Finally, wing-dimorphic species feature wings in some 
individuals, but not all (Bell 1990), with the winged individuals appearing more often in new or 
establishing populations, and the wingless remaining near their original location (Kromp 1999). 
In many cases, the presence of wingless individuals of wing-dimorphic species could reflect 
glacial refugia (Bell 1990). Macropterous or wing-dimorphic individuals that use flight to 
disperse do so nocturnally (Bell 1990) and are often more common in fragmented or disturbed 
habitat (Kromp 1999). Some, but very few, carabid species use their wings for purposes other 
than dispersal, such as evading predators or foraging (Bell 1990). 
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1.3 Dominant Carabid Species of Chun T’Oh Wudujut 
 
Lee (2013) conducted a preliminary survey of carabids in the area now known as the 
Chun T’Oh Wudujut. Seven carabid species were detected, including Scaphinotus marginatus, 
Trechus chalybeus, and five Pterostichus spp.  
Scaphinotus marginatus, the most frequently detected species (Lee 2013), is a large 
(11.5-19mm), black beetle with a slender head (Lindroth 1961-69). This species varies widely in 
size and colour across a geographical gradient (Lindroth 1961-69). It has been observed to feed 
upon a wide range of foods (Stage & Yates 1939, Larochelle 1972, Digweed 1993, 1994, 
Larochelle & Larivière 2003) and exists in many different habitats (Larochelle & Larivière 
2003). 
Trechus chalybeus, another species detected in high numbers by Lee (2013), is a small 
(3.7-4.8mm), reddish-brown beetle with stubby antennae (Lindroth 1961-69). It is a 
brachypterous species, with wing rudiments measuring up to half the length and width of the 
elytra. Like all Trechus spp., it has well-developed eyes (Lindroth 1961-69).  
Several Pterostichus species were detected by Lee (2013): P. herculaneus, P. riparius, P. 
adstrictus, P. neobrunneus, and P. melanarius. Most are black, and their bodies are somewhat 
dorsoventrally compressed. They are often stout, with relatively short legs for carabids (Lindroth 
1966). Pterostichus is one of the largest genera of carabid, with at least 81 distinct species known 
to occur within North America (Lindroth 1966). The Pterostichus genus has a wide global range, 
occurring throughout North America and Europe, where most carabid surveys have been done. 
The genus Pterostichus includes brachypterous, macropterous, and wing-dimorphic members 
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(Lindroth 1966). Pterostichus melanarius is of specific interest in this study because it is known 
to be an introduced species, originating in Europe (Lindroth 1966, Larochelle & Larivière 2003). 
While carabids have not been studied extensively within the Chun T’Oh Wudujut, several 
surveys have been completed in the surrounding area, largely in the Sub-Boreal Spruce (SBS) 
(McColl 2010, Schotzko 2012) and Engelmann Spruce-Subalpine Fir (ESSF) (Lemieux 1998, 
Lemieux & Lindgren 1999, Lemieux & Lindgren 2004) biogeoclimatic zones. Several of the 
species found in the Chun T’Oh Wudujut preliminary study have also been seen in these areas, 
which feature different environmental conditions than the Interior Cedar-Hemlock 
biogeoclimatic zone. The Coastal Western-Hemlock (CWH) biogeoclimatic zone features similar 
environmental conditions to the ICH, and there is some overlap in species diversity between 
these two zones as well (Kavanaugh 1992, Henderson 2010). It is not currently known whether 
the carabid assemblages in the ICH are more similar to the proximate SBS and ESSF zones, or 
the more distant but ecologically similar CWH. 
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1.4 Carabids as Bioindicators 
 
Bioindicators are one tool ecologists frequently use to monitor ecosystem health. A 
bioindicator is any species that can be used to provide a metric for a change in ecosystem health 
(McGeoch 1998). Ideally, it will respond predictably to specific ecosystem disturbances, 
allowing researchers to quickly gauge the health of that ecosystem. McGeoch (1998) identified 
two major criteria that bioindicators must satisfy in order to be used effectively. First, the species 
must be easily and economically sampled, so that a minimum of resources are needed to carry 
out a survey. Bioindicative work is often done under strict temporal and financial constraints, so 
the easier a species is to sample and identify, the more likely a survey will be successful. Second, 
the species must respond in a predictable way to changes in the ecosystem. The stronger and 
more consistent the reaction of the bioindicator species, the more confident researchers can be in 
the results of a survey (McGeoch 1998). Ideally, the species will also be widely distributed, 
allowing for similar surveys to be performed over a variety of ecosystems, areas, and disturbance 
types and intensities (McGeoch 1998).  
Carabids are a good choice for such bioindicative surveys, as they are relatively large and 
numerous, and can be sampled on a large scale using pitfall traps with very low corresponding 
cost and effort (Pearce & Venier 2006). Additionally, many carabid species can be identified with 
a low level of training, though this is not true for all species, as some are almost impossible to 
differentiate without genetic testing.  
There is evidence of carabids responding to environmental variation, though the extent to 
which they are sensitive may change depending on several factors. Rainio and Niemelӓ (2003) 
determined that, while carabids can be useful bioindicators, they should be used with caution, as 
there is not enough data detailing their relationships with other species that may affect any 
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bioindication surveys. McColl (2013) supported this assessment, detailing a relationship between 
carabid beetles and two ants, Formica aserva (Forel) and Camponotus herculeanus (L). Pearce 
and Venier (2006) assessed the effectiveness of carabids and spiders as bioindicators and found 
mixed results, with the groups being much more responsive to select habitat disturbance events; 
the carabid assemblages they studied responded visibly to large-scale impacts on habitat, such as 
clear-cutting and forest fires, but did not show as distinct a response to habitat fragmentation. 
McGeoch (1998) discussed the possible use of carabids as bioindicators but stressed the 
importance of being thorough in such surveys, as rushed surveys can lead to inaccurate results. 
A number of other studies support the hypothesis that carabids may respond to clear-
cutting, although the response appears to vary (Niemelä et al. 1993, Spence et al. 1996, 
Abildsnes & Tømmerås 2000, Heliölӓ et al. 2001, Koivula & Niemelä 2002). In most cases 
carabid biodiversity appears to increase after a clear-cutting event has occurred, with more 
species being detected in clear-cuts than in nearby old-growth, contrary to what would be 
expected given the intermediate disturbance hypothesis (IDH) (Niemelä et al. 1993, Heliölӓ et al. 
2001, Koivula & Niemelä 2002). The IDH, which would see the highest levels of biodiversity in 
the moderately disturbed sites, has been observed not to apply to carabids in urban studies as 
well (Venn, Kotze, & Niemelä 2003, Magura, Tóthmérész & Molnár 2004).  
While carabids meet many of the criteria to serve as effective bioindicators, there is still a 
great deal that we do not know about their responses to different types of disturbances.  More 
research is needed before they can be effectively used to monitor forest health (Rainio & 
Niemelä 2003).  
There are several different methods that can be used to evaluate and employ a taxon as a 
bioindicator. A study in coastal BC (Henderson 2010) tested different methods of using carabids 
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as bioindicators in a two-year study. Among the methods tested were the “taxonomic approach”, 
which requires the identification of each individual to species, the “recognizable taxonomic unit 
approach” (RTU), which does allow for phenotypically similar species to be treated as the same, 
and the “functional diversity approach”, which uses functional phenotypic traits in order to sort 
different species into groups. Henderson (2010) concluded that the taxonomic approach and the 
RTU approach yielded similar results, though the taxonomic approach left fewer gaps in 
precision at the cost of increased identification effort. 
As carabid species can often be difficult to identify, potentially resulting in undetected 
cryptic species or misidentifications, DNA barcoding can be an effective tool in determining or 
verifying species identities. DNA barcoding usually involves sequencing the cytochrome oxidase 
1 gene (CO1) on the mitochondrial DNA strand (Hebert et al. 2003, Ratnasingham & Hebert 
2007). The CO1 gene is well conserved among eukaryotes, and provides a standard by which 
researchers can compare different organisms (Hebert et al. 2003, Hebert et al. 2004, Ward et al. 
2005, Hajibabaei et al. 2006, Ward et al 2008, Hebert et al 2016). DNA barcoding has been used 
to successfully discriminate between cryptic members of many varied phyla (Hebert et al. 2004, 
Hajibabaei et al. 2006, Ward et al. 2008), and on a broader scale to compare different organisms 
throughout the animal kingdom (Hebert et al. 2016). 
One of the areas where genetic barcoding excels is in detecting cryptic species (Hebert et 
al. 2016). In instances where two different species may be morphologically identified as a single 
species, genetic barcoding can help the identification process (Hebert et al. 2016). When that is 
the case, researchers may be able to see evolutionary divergence patterns that were previously 
invisible by examining the level of genetic relationship between different species. It may also be 
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easier for researchers to morphologically differentiate between such cryptic species with the 
knowledge that a genetic difference exists.  
A relatively new form of identification, DNA barcoding comes with its own set of 
limitations. Sequences can sometimes be sorted into the wrong groups as a consequence of 
contamination with foreign DNA, or as a result of coamplification of nuclear mitochondrial 
pseudogenes (NUMTs) (Moulton et al. 2010).  
A related problem that exists within the genetic databases, such as BOLD or Genbank, is 
that the initial identification of an organism relies on a morphological identification performed 
by the specimen’s collector. If that morphological identification is inaccurate, future studies may 
erroneously rely upon the preexisting data already in the system, and may revise their own 
identifications to match the incorrectly identified organism.  
Given the often-rushed nature of bioindicative surveys, genetic barcoding can be a 
valuable tool to expedite those projects. DNA barcoding allows for a more efficient identification 
process, meaning that a researcher does not necessarily need to morphologically identify every 
single specimen, which can be prohibitively expensive when working with plentiful organisms 
like carabids. 
The availability of fast and easy genetic identification methods does not mean that they 
should be used exclusively, however. It is important to maintain the procedure of morphological 
identification on at least a representative sample of specimens for any given survey, in order to 
verify that the genetic barcoding work is correct. While the barcoding can reliably match related 
specimens together, it may apply incorrect species names to them, so it is vital to examine the 
specimens in order to make sure that the identifications are accurate. It is also possible that a 
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species may not yet be in the database, in which case no confident comparison will be generated. 
When used in combination, morphological identification and genetic barcoding are potent tools 
for bioindicative surveys, being both time and cost effective. 
Studies of genetic databases have also identified some problem taxa, which are not as 
easily separated using the standard CO1 barcoding method, but fortunately the family Carabidae 
is not among those (Waugh 2007). In these instances, barcoding the organisms allows for an 
adequate level of higher-order classification, but the process was less successful at the species 
level (Waugh 2007). 
For carabids, DNA barcoding can be done easily and economically, allowing portions of 
the CO1 genes for several different organisms to be compared quickly and with minimal effort 
(Ratnasingham & Hebert 2007). This allows for a verification of the visual identification, 
producing greater confidence in the results. It also allows researchers to perform a quick visual 
identification based on a few features, and revisit that after the barcoding is complete, saving 
time and resources. 
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1.5 The Project 
 
Given the unique ecological status of the Chun T’Oh Wudujut and the relatively low level 
of sampling work that has been done so far, there is a great deal we do not know about the 
biodiversity of the region. The dominant tree species and megafauna are well known, and 
vertebrate occurrences within the Chun T’Oh Wudujut are frequently noted, but the invertebrate 
assemblages have not been thoroughly researched. Several vertebrate species that are rare within 
British Columbia have been observed to occur within the Chun T’Oh Wudujut, such as the 
northern myotis (Stevenson et al. 2011), and it is possible that the area is home to rare 
invertebrate species as well. 
The ecological conditions of the Chun T’Oh Wudujut feature a combination of those seen 
elsewhere: it receives similar levels of precipitation and has similar dominant species to the 
coastal rainforests of BC, but is located inland, amongst sub-boreal spruce forests, far from the 
ocean. The carabid assemblages within the Chun T’Oh Wudujut could more closely resemble 
those within the ecologically similar coastal forests, or the geographically proximate sub-boreal 
forests, or a combination of both. It is also possible that this system has allowed unique species 
to survive that can not be found in the surrounding area. 
The Chun T’Oh Wudujut was also, until the recent conferral of park status, subject to 
clear-cut harvest in several locations. The impacts of these harvests are still unknown. Machinery 
used for the harvest has the potential to introduce invasive species, and endemic species could 
have been displaced as a consequence of the habitat destruction associated with clear-cut 
harvesting. The walking trails within the park also may have resulted in ecological changes to the 
state of the Chun T’Oh Wudujut, both through the construction of the boardwalks, which could 
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have introduced new species or disturbed existing species, and through the activity of the public 
inside the park, which has the potential to disturb the area through introductions, litter, and 
general disturbances. 
Because the Chun T’Oh Wudujut is both unique and subject to unknown levels of 
disturbance, a bioindicator group would be a useful tool to gauge the health of the forest. This is 
particularly true now, as the park has recently been established, and a baseline level of 
bioindicative data would allow researchers and park managers to measure any changes in the 
park as a result of the introduction of the park. Being ubiquitous throughout the ecosystem, and 
satisfying the general criteria required of a bioindicator group (numerous, easily captured and 
identified, and responsive to changes in their ecosystem), carabids are ideal for creating this 
baseline. 
My study performed a thorough survey of the carabids within the Chun T’Oh Wudujut, 
establishing which species exist within the boundaries of the new park as well as creating a 
baseline level of bioindicative data for different habitats in the park. This project had two main 
goals. 
The first goal, described in Chapter 2, was to document the carabid biodiversity of the 
Chun T’Oh Wudujut. Both morphological and genetic identification of specimens collected 
within the forest were used to generate an inclusive list of all carabids detected within the Chun 
T’Oh Wudujut. The establishment of a list of expected species for the region will reduce the 
effort involved in future sampling projects within the Chun T’Oh Wudujut. Future specimens can 
be compared to this list to speed up the identification process, and representatives can then be 
verified genetically in order to ensure accuracy. I also compared the carabid biodiversity of the 
Chun T’Oh Wudujut with a variety of other, similar ecosystems, to learn more about the natural 
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history of the carabid species of the Chun T’Oh Wudujut and nearby areas. Lee’s (2013) 
preliminary survey detected the introduced species P. melanarius, and I also evaluated what 
success this species has had in invading the Chun T’Oh Wudujut in order to determine whether it 
constitutes a problem. Because P. melanarius is wing-dimorphic and the winged morph is often 
present more often if the population is undergoing dispersal, I examined all specimens to 
estimate whether P. melanarius is expanding throughout the Chun T’Oh Wudujut.  
 The second goal, described in Chapter 3, was to evaluate the potential of carabids as a 
bioindicator group for the Chun T’Oh Wudujut. To this effect, the carabid assemblages were 
compared between different habitats that were subject to different disturbance regimes, in order 
to determine any differences in biodiversity that can be used to evaluate ecosystem health. In 
addition to comparing differences between old growth forest and heavily disturbed clear-cut 
areas, this project examined differences between old growth areas close to the frequently used 
public walking trails and relatively undisturbed old growth further away from human 
disturbance, in order to determine if the park itself has an effect on the carabid assemblages of 
the Chun T’Oh Wudujut. Such information could help to mitigate the effect of the park on the 
natural ecosystems of the Chun T’Oh Wudujut, as these different habitats appeared to have 
substantially different environmental conditions, and so I also recorded the environmental 
conditions within the study sites. The low diversity detected by Lee (2013) during the rainy 
summer of 2009 suggests that carabid activity-abundance could be affected by weather. 
Measuring the temperature and humidity of the sites during the sampling period allowed an 
examination of carabid catch rates under various environmental conditions, and may possibly 
shed light on that relationship. These data are available so that future studies can make use of 
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them to produce a more thorough analysis of any potential relationships between carabids and 
climate, which would increase the effectiveness of any bioindicative studies involving carabids. 
 It is my hope that this study will provide valuable baseline data for the new Chun T’Oh 
Wudujut park, and will be useful in future studies, bioindicative and otherwise, that involve the 
park. These data can contribute to the conservation of this unique ecological area as well as 
broadening our understanding of carabid beetles and their interactions with their environment. 
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Chapter 2: Biodiversity of Carabidae in Chun T’Oh Wudujut 
 
In order to assess the diversity of the family Carabidae within the Chun T’Oh Wudujut, a 
concentrated pitfall trapping effort was performed in the summer of 2015. Identification was 
performed using an iterative process that involved both morphological identification and DNA 
barcoding through the Barcode of Life Data System (BOLD). DNA barcoding proved to be an 
effective tool for differentiating morphologically similar species, and phylogenetic analysis 
helped to differentiate between Barcode Index Numbers (BINs) in the BOLD database. Nineteen 
species of carabid were detected in the Chun T’Oh Wudujut, across 12 genera. Scaphinotus 
marginatus was dominant in this study, comprising two thirds of the total catch. Trechus 
chalybeus was also common and comprised one sixth of the catch. Several members of the genus 
Pterostichus were detected, and several genera were detected in middling to low numbers. An 
invasive species, Pterostichus melanarius, was detected in the Chun T’Oh Wudujut, although at 
low numbers. A geographic comparison of the carabid assemblages in the Chun T’Oh Wudujut, 
located in the Interior Cedar-Hemlock biogeoclimatic zone, found similarities to the 
geographically proximate Sub-Boreal Spruce and Engelmann Spruce – Subalpine Fir zones, 
while the diversity was less similar in the climatically comparable Coastal Western Hemlock 
zone. 
2.1 Introduction 
 
The Chun T’Oh Wudujut, recently recognized by the BC provincial government as a 
provincial park (BC Parks 2016), is a unique inland temperate rainforest ecosystem, located in 
British Columbia between the city of Prince George and the town of McBride. The area features 
aspects of both inland boreal forests and coastal temperate rainforests and is dominated by 
western red-cedar (Thuja plicata) and western hemlock (Tsuga heterophylla), with devil’s club 
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(Oplopanax horridus) comprising much of the understory. The climate is very wet, with 788-
1240 mm of precipitation per year, much of which falls as snow in the winter months (Stevenson 
et al. 2011). Several carabid species are known to be present in the Chun T’Oh Wudujut, but a 
comprehensive survey has not yet been done to determine the extent of the biodiversity. 
As the Chun T’Oh Wudujut was recently declared a provincial park, a survey of carabid 
species is an important addition to the limited ecological knowledge about this newly protected 
area, and serves as a baseline for future studies in the region. Anthropogenic threats to this 
ecosystem, including timber harvesting, climate change, and increased accessibility, make an 
inventory of these valuable bioindicator species even more important at this time. 
Two common methods are used for identifying carabids. The first, and more common, is 
using morphological traits and a taxonomic key. The second is to sequence their mitochondrial 
DNA for comparison against other specimens, a process known as DNA barcoding. Despite now 
being over 50 years old, the Lindroth (1961-1969) taxonomic key serves as a reliable resource 
for morphological identification of most carabids in western Canada and the United States. 
Morphological identification is cost effective, and can be done in any lab with a microscope as 
long as sufficient expertise is available. In practice, the key does require some training to use 
effectively, and can be difficult even for experienced entomologists, sometimes relying on 
subjective or relative characteristics to identify certain species.  
DNA barcoding is performed by comparing a sample of mitochondrial DNA with other 
barcoded specimens, catalogued in a genetic database. Tools such as the Barcode of Life Data 
Systems (BOLD) database can aid in greatly increasing the effectiveness and speed of surveys 
that rely on bioindicators (Ratnasingham & Hebert 2007), or even other studies, such as forensic 
analysis (Sonet et al. 2013). While some carabid species are difficult to identify morphologically, 
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the BOLD database can often efficiently identify differences between species. For barcoding 
most animals, including carabids, BOLD uses a single gene sequence, the relatively well 
conserved cytochrome oxidase 1 (COI) mitochondrial gene, in order to create a comprehensive 
and comparable standard by which different organisms can be compared (Hebert et al. 2003, 
Hebert et al. 2004, Ratnasingham & Hebert 2007). 
The BOLD database contains over 7 million barcodes as of August 2019 (BOLDSystems 
2018), a large increase from 4.6 million on the 1st of December 2015. BOLD and other genetic 
databases such as Genbank, European Nucleotide Archive, and DNA Data Bank of Japan, are 
useful tools in the developing field of genetic sequencing and identification, with a myriad of 
different applications. Genetic analysis through DNA barcoding is helpful for identifying cryptic 
species, which often can not be accurately identified morphologically, and thus could otherwise 
be missed in surveys (Hebert et al. 2004, Hajibabaei et al. 2006, Ward et al. 2008, Hebert et al. 
2016). It can even detect species that have previously not been described, which would not 
appear in a taxonomic key (Hebert et al. 2004, Hebert et al. 2016). BOLD’s barcodes each 
consist of distinct sequences and include metadata detailing where each sample was observed 
(Ratnasingham & Hebert 2007). These sequences are matched to the most closely related 
samples and Barcode Index Numbers (BINs) within the database (Ratnasingham & Hebert 
2007). There are also additional records in the database, many of which await publication of the 
data before they are added to the public records (Barcode of Life Database 2007).  
A BIN is a clustered set of genetic sequences grouped together with an algorithm to 
approximate a species-level identification (Ratnasingham & Hebert 2007). The BOLD database 
is sorted into BINs, which effectively represent different species. There are currently over 
430,000 BINs that are publicly accessible on BOLD, corresponding to specimens caught across 
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the world. The majority of these represent animals, though there are also representatives of red 
algae and heterokonts. BOLD allows its database to be searched by location or by taxonomy, 
providing multiple options for researchers looking for specific data (Ratnasingham & Hebert 
2007).  
Little research has been done on the carabid species of the unique Chun T’Oh Wudujut 
ecosystem, and it is possible that many species may be present that have not yet been detected. 
Because the Chun T’Oh Wudujut is such a unique ecosystem, it is not known whether the carabid 
biodiversity found within will reflect similarities to the nearby sub-boreal spruce forests, or to 
the more ecologically similar, but geographically distant, coastal western hemlock rainforests 
(Meidinger & Pojar 1991).  
A preliminary study (Lee 2013), conducted during the summer of 2011 using a small 
number of traps in limited sites, found eight species of carabid. Half of Lee’s (2013) sites were in 
old growth areas located within the Chun T’Oh Wudujut, while the other half were in nearby 
clear-cuts. Lee (2013) found that Scaphinotus marginatus (Fischer) and Trechus chalybeus 
(Dejean) were dominant, and five Pterostichus spp. were also present. One of the species Lee 
detected is the widespread invasive Eurasian species Pterostichus melanarius (Illiger) (Crowder 
& Snyder 2010), which may have been introduced here as a result of the high levels of human 
disturbance in the area. 
Lee (2013) detected several beetles that were difficult to identify, and showed a 
divergence in genetic and morphological identification. Notably, the specimens identified 
morphologically as Pterostichus ecarinatus (Hatch) had CO1 sequences that more closely 
resembled P. neobrunneus (Lindroth) in the BOLD database. Lindroth (1966) distinguished 
between the two species using characters that are relative: “strongly transverse” or “slightly 
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transverse microsculpture on the prothorax”, and a slight difference in the shape of the hind-
angles of the prothorax. Barcoding provides a valuable tool in identifying species such as this, 
which are challenging to identify without reference samples against which to compare.  
I surveyed the carabid fauna of the Chun T’Oh Wudujut with the following objectives: 
1. Inventory the carabid species of the Chun T’Oh Wudujut area using an 
intensive survey of sites with various disturbance histories. Using 
morphological and DNA barcoding techniques in tandem provides the greatest 
certainty for species identifications, while also contributing to the BOLD 
database and compiling useful information for future studies. 
2. Compare the carabid biodiversity in this area to other areas in which surveys 
have been performed, especially in the geographically separated but 
ecologically similar coastal western hemlock forests and the surrounding sub-
boreal spruce forests, which are geographically close but feature a lower level 
of annual precipitation and different dominant tree species. 
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2.2 Methods 
 
Field Sites 
 
Three different habitat types were sampled for carabids and three sites of each habitat 
type were chosen for assessment (Figure 1). The first of the habitat types was undisturbed old 
growth, sites that had not been logged but were further away from constant human disturbance 
than those in the disturbed old growth sites described below. The undisturbed sites were located 
approximately 100 meters into the forest from Highway 16 and did not show any obvious signs 
of human disturbance. These sites represented what the carabid fauna should look like in a more 
natural forest, though no site in the area is truly free of human disturbances, or of colonization by 
invasive species. Between five and ten kilometers separated these sites, as the habitat type was 
not geographically limited by trail boundaries. These sites were dominated by western red-cedar 
and western hemlock, and as such were much more shaded than the clear-cut sites.  
The second habitat type was lightly disturbed old growth forest near (within 10 meters) of 
the publicly accessed walking trails of the Chun T’Oh Wudujut Park. These sites showed low 
levels of human disturbance, though it was clear that some had been accessed by workers or 
visitors to the area. All three of these sites were within 1 kilometer of each other, as the walking 
trails are located within a small area. Similar to the undisturbed old growth sites, these sites were 
dominated by western red-cedar and western hemlock, and received lower levels of light than the 
clear-cut sites, although proximity to areas cleared for walking trails meant that there were more 
gaps in the canopy than in undisturbed sites. 
The final habitat type was clear-cut sites, which showed the highest level of disturbance. 
Each site had been harvested within the last twelve years. One site showed a more advanced 
degree of regrowth than the other two, as it had been harvested about twelve years prior to 
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sampling, while the other two were harvested eight years prior to sampling. The clear-cut sites 
had none of the multi-storied growth of the undisturbed or lightly disturbed old growth sites, 
having been completely harvested and mostly replanted to hybrid white spruce (Picea glauca x 
engelmannii (Moench.) Voss).  
Sampling 
 
I used modified Nordlander-style pitfall traps (Lemieux & Lindgren 1999, McColl 2010, 
Higgins & Lindgren 2012) to sample the carabid fauna of the Chun T’Oh Wudujut. The traps 
were constructed out of 200 mL plastic cups (VWR International), with snap-on plastic lids. A 
standard hole punch (6mm diameter) was used to punch a series of holes around the rim of the 
cup. These holes were punched in connected groups of two, increasing the size of the holes to 
10-12mm wide at their widest point, so that larger invertebrates could fit through the holes, but 
most vertebrates were still excluded. A second cup was left intact, and buried in the ground up to 
the rim. A small amount of dirt was placed in the bottom of this open cup, and the first cup, hole-
punched and with a lid, was placed inside it, making sure that the holes were flush with the 
ground and above the rim of the first cup. Similar traps were used by both McColl (2010) and 
Lemieux & Lindgren (1999) and the holes were large enough to accommodate the largest 
carabids in both studies, Scaphinotus angusticollis and Pterostichus lama. Traps such as these do 
not lure the insects, but rely on activity-abundance. Anything that falls into the trap must be 
actively moving around the forest floor, and can be assumed to be present in relatively high 
abundance to be caught with this passive sampling design. This type of sampling has proven 
effective for carabid species in the past, both in this area and in other regions (e.g. Pierce et al. 
2005), combining a high catch rate with low cost and relatively low sampling effort.  
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The traps were placed in triangular groups of three, with 50 cm between the cups. Each 
group of three was placed at least 10 m away from the next group of three, and the groups were 
arranged in a grid, as permitted by the environment, with three rows side by side, the first two 
rows having three triangles of traps and the final row containing four triangles (Figure 3). Soil, 
leaves and other forest floor debris was replaced over the trap lids to mimic what the area looked 
like before the traps were installed.  I attempted to replicate as natural as possible an 
environment for the carabids, as well as reduce detection of the traps by bears, humans, and other 
potential disturbances. Additionally, covering the trap lids with soil shielded the solution from 
evaporation and protected the lids from weathering and cracking. 
The traps were set out in late June, and half-filled with a 50% propylene glycol (VWR 
International), 50% water solution. Concentrations of propylene glycol as low as 20% were 
sufficient for preserving DNA over long periods of time (Ferro and Park 2003), and even if the 
liquid was diluted further by rainwater, the concentration would not drop below 20% unless the 
trap flooded, in which case the catch was discarded. Due to time constraints, there was no 
digging-in period (Digweed et al. 1995); the solution was added to the traps immediately upon 
installation. The traps were then checked every one to three weeks, and the solution was replaced 
if flooding or any other significant disturbance had occurred. The traps were removed in early 
fall, between 10th September and 7th October, having been checked four to five times each over 
the summer. 
During the trap checks, the content of each trap was strained through a 1.25 mm sieve, 
and all invertebrates remaining in the sieve were collected with forceps and placed into a small 
vial of 100% ethanol with a label. Each pitfall trap was kept separate, so three vials of ethanol 
were used for each trap ring. The propylene glycol was left in the pitfall trap to be reused, only  
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Figure 3: Layout of pitfall traps within sites in the Chun T’Oh Wudujut Provincial Park, 
British Columbia, Canada. Individual traps were separated by 50 cm, and each group of three 
was placed at least 10 m away from the next group of three. 
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being replaced if it had overflowed or become filled with debris, as often happened in the clear-
cut sites, where the sunlight weakened the trap lids and resulted in the collapse of the lids. All 
specimens were returned to the lab and stored in the vials at room temperature until they were 
sorted and identified as described below. 
Morphological Analysis 
 
Carabids were sorted and identified morphologically using Lindroth’s (1961-1969) 
taxonomic keys. The vials were initially sorted into two groups, carabids and non-carabids. Care 
was taken to place all ambiguous beetles into the carabid category, to ensure that no unusual 
species were missed. The non-carabid bycatch was then stored for future studies, and the 
carabids were identified incrementally, first to morphotype and then to species. Initially, beetles 
were morphotyped into four groups: Scaphinotus marginatus, Trechus chalybeus, Pterostichus 
spp., and “other genera”. Later, members of the Pterostichus group were tentatively identified as 
belonging to one of the five expected species: P. herculaneus, P. neobrunneus, P. riparius, P. 
adstrictus, and P. melanarius. Several specimens of each group, as well as every member of the 
“other genera” group, were then submitted for DNA barcoding, which was later followed by a 
more refined morphological identification. 
DNA Barcoding 
 
Once the carabids had been morphotyped, subsamples were selected to be sent to the 
University of Guelph (UG) for DNA barcoding through BOLD. The University of Guelph hosts 
the Centre for Biodiversity Genomics (CBG), one of the largest genomics operations within 
Canada. Samples sent to the CBG from studies across the world are analyzed, identified, and 
their metadata is recorded in the BOLD database to increase the accuracy of future 
identifications.  
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Species that were more difficult to morphotype were sent in greater proportion; however, 
at least eight samples of each morphotype were sent for barcoding, in order to confirm the 
morphotype or detect potential cryptic species. For each morphospecies, at least one sample was 
sent from each site in which it was present, in order to profile any variation in species between 
different sites. Every specimen that did not fall within one of the carabid groups previously 
known from the Chun T’Oh Wudujut (Lee 2013) was sent for barcoding analysis. Care was taken 
to ensure that the samples sent for barcoding represented the different sites as evenly as possible 
while prioritizing those taxa that were more difficult to identify, and thus more likely to return 
different species identifications in BOLD. A total of 331 specimens were subjected to DNA 
barcoding. 
Final Identification 
 
Once the DNA barcoding was completed, two species, P. riparius (Dejean) and P. 
adstrictus (Eschscholtz), stood out as containing several different barcoding BINs within the 
samples that had been sent for barcoding. The remaining samples of those morphospecies for 
which the barcoding process had detected multiple BINs were then re-examined using an 
iterative approach, to determine if they matched one of the new species that the barcoding 
process had uncovered. A comparison of the barcoded specimens was used to effect a more 
confident distinction between P. riparius, P. adstrictus, and the other species identified by the 
barcoding. The Lindroth (1961-1969) keys were also employed to find character differences 
between the species, and those differences were verified on the barcoded samples. The BOLD 
database was then updated with the final identification information, so as to help maintain the 
integrity of the database. 
Once all of the carabids had been identified, a key to the species found in the Chun T’Oh 
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Wudujut was developed, based partially on characters used in Lindroth (1961-1969) but also 
including novel traits, as a tool for non-experts to quickly and accurately identify the common 
species in the region (Appendix 1). 
Statistical Analyses 
 
In order to test whether the trapping effort was likely to have successfully sampled most 
species in the area, a species accumulation curve was created using R 3.3.2 (R Core Team 2018) 
and the vegan package 2.5-2 (Oksanen et al. 2018). The Molecular Evolutionary Genetic 
Analysis (MEGA v.7.0.26) (Kumar et al. 2015) program was used to align the CO1 sequences of 
barcoded specimens, and to compare them to other specimens found within the BOLD database. 
The MUSCLE alignment method was used to align the CO1 sequences, as it is more robust than 
the ClustalW method when there is a great deal of variability in the length of the sequences. 
MEGA was also used to generate phylogenetic trees, demonstrating the genetic 
relatedness of the different specimens and groups. Trees were constructed using the Maximum 
Likelihood method to examine several different groupings of carabids, including comparisons 
with several other studies available on the BOLD database. A model test was used to identify the 
most appropriate nucleotide substitution model for the data, which varied between different 
datasets. The trees were subjected to 500 bootstrap samples to maximize the confidence of the 
results, and for several of the trees a discrete gamma variation (+5) was used to model uniformity 
of evolutionary rates. 
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2.3 Results 
 
The species accumulation curve (Figure 4) showed mean species richness approached a 
plateau, indicating that the study likely sampled most of the biodiversity in the sites. More 
detailed species accumulation curves, comparing different habitat types to identify the probable 
locations of any possible undetected species, are presented and discussed in Chapter 3. 
Initial morphological identification (Table 1) identified most of the beetles caught as 
Scaphinotus marginatus (65.4%) and Trechus chalybeus (18.3%), with an assortment of 
Pterostichus species. P. riparius was the most common grouping of Pterostichus (5.4%), 
followed by P. herculaneus (Mannerheim) (4.4%), P. ecarinatus/neobrunneus (2.4%), P. 
adstrictus (1.8%), and P. melanarius (0.3%). Additionally, one other group was formed of 
individuals that were distinctly different from any of the species already known to this region, 
comprising 1.9% of the total catch. 
After barcoding and two rounds of morphological identification, 19 species were sampled 
in the Chun T’Oh Wudujut (Table 1), conforming to 19 BINs within the BOLD database. The 
majority of the morphotyping analyses were confirmed by the barcoding process, although 
several of the specimens sent to BOLD were found to belong to different species, the majority of 
these having been earlier identified as P. riparius, or P. adstrictus. All of these were reviewed 
against the other specimens in the BOLD database as well as subjected to another, more 
thorough, round of morphological identification using the Lindroth key (Lindroth 1961-69). The 
resultant identifications were considered final and are listed here. The proportions of P. riparius 
(3.3%) and P. adstrictus (1.3%) decreased after the final identification process, because other 
species were initially morphotyped into those groups.  
Several more species were also present, of which Synuchus impunctatus (Say) was the  
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Figure 4: Species accumulation curve based on trap activity-abundance data from the Chun 
T’Oh Wudujut Provincial Park, British Columbia, Canada. A curve that reaches asymptote 
suggests that sampling effort was sufficient while a curve that has not yet reached asymptote 
suggests that some species were not accounted for. 
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most numerous, comprising 1.3% of the carabids. All of the other genera were observed at <1% 
of the total catch; the most notable species were Loricera decempunctata (Eschscholtz) (0.7%), 
Amara idahoana (Lindroth) (0.6%), and Agonum gratiosum (Mannerheim) (0.4%). Other 
species, including Harpalus somnulentus (Dejean), Harpalus nigritarsus (C.R. Sahlberg), Amara 
erratica (Duftschmid), Patrobus fossifrons (Eschscholtz), Dicheirotrichus cognatus (Gyllenhaal), 
Cymindis cribricollis (Dejean), Calathus advena (LeConte) and Calathus ingratus (Dejean) 
(Table 1) were also detected, again in varying but low frequencies. Several specimens appearing 
to belong to distinct but unidentified species, which comprised 1.9% of the total catch, were sent 
for barcoding analysis, and most were returned as Amara idahoana. Several fell into other taxa 
such as Cymindis cribricollis, Dicheirotrichus cognatus, and Amara erratica.  
It is worth noting that, while each specimen of any single species detected in this study 
fell into a single BIN in the BOLD database, several of those species are associated with more 
than one BIN in the database, likely as a result of misidentifications or cryptic species. BINs that 
did not closely match (<99%) any of the samples in this survey, barring a few exceptions 
discussed below, were not examined further.  
The phylogenetic trees allowed for the comparison of various groups of carabids (Figures 
5, 6, 7, & 8), but had generally low bootstrap confidence values at the higher-level nodes (5-15), 
indicating a low level of certainty in these results.  Examination of the phylogenetic tree 
comparing all carabids (Figures 5 & 6) shows that the genus Pterostichus could be paraphyletic, 
as P. adstrictus does not group with the other species in the genus. The phylogenetic analysis of 
the tree shows P. adstrictus is most closely related to Agonum gratiosum among all detected 
species, being separated from the rest of the Pterostichus genus by several other species groups 
(Figure 5). The bootstrap confidence values supporting this phylogeny are low (4), however. P. 
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adstrictus is one of the species that features multiple BINs in the BOLD database, one of which 
has only been detected in North America (which matches the specimens collected in this survey) 
while the other has only been observed in Europe. The European BIN contains specimens 
identified as P. adstrictus as well as several identified as P. oblongopunctatus, suggesting 
possible identification errors in the database.  
Based on similar patterns seen within the phylogenetic tree, the genus Amara also could 
be paraphyletic. A. idahoana associates most closely with the Calathus, Synuchus, and Loricera 
genera while A. erratica is several species away, located within the main Pterostichus cluster. 
Once again the bootstrap confidence values supporting these placements are low (5). 
A closer analysis of the relationships between the P. herculaneus and P. neobrunneus 
species also detect a possible paraphyly. Comparison of my own data and the BOLD database 
reveal two distinct P. herculaneus BINs, one of which appears in the tree to be more closely 
related to P. neobrunneus than to the other P. herculaneus BIN (Figure 7). The bootstrap 
confidence value supporting this placement is modest (88).   
The BOLD database contains numerous other specimens from around the world to 
compare with my findings. Many of these samples show strong genetic similarity to the 
specimens collected in this survey and are located in the same BIN, reinforcing the accuracy of 
the morphological identification, while others do not (Figure 6). Many species have multiple 
BINs (Barcode Index Numbers) within the database, indicating genetic differences within the 
species as it has been identified. Both P. herculaneus and P. adstrictus have two BINs in the 
BOLD database (Figures 6 & 7), although closer inspection of those BINs reveals that the 
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Figure 5: General time reversible maximum likelihood tree showing the relationships of the 
carabid species observed within the Chun T’Oh Wudujut Provincial Park, British Columbia, 
Canada. A discrete gamma variation (+5) was used to model uniformity of evolutionary rates, 
and a fraction of sites were assumed to be evolutionarily invariable. The Bootstrap method 
was used to analyze phylogeny, with 500 bootstrap replications, and bootstrap values are 
labelled at each node. A model selection test was used on the data to determine the most 
appropriate model. Bracketed numbers indicate number of individual beetles represented by 
each sample. Bromius obscuris and Phlaeopterus castaneus, non-carabids detected in this 
survey, used as outgroups.  
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Figure 6: General time reversible maximum likelihood tree showing the relationships of the 
carabid species observed within the Chun T’Oh Wudujut Provincial Park, British Columbia, 
Canada, to species from other locales in North America selected from within the BOLD 
database. A discrete gamma variation (+5) was used to model uniformity of evolutionary 
rates, and a fraction of sites were assumed to be evolutionarily invariable. The Bootstrap 
method was used to analyze phylogeny, with 500 bootstrap replications, and bootstrap values 
are labelled at each node. A model selection test was used on the data to determine the most 
appropriate model. Bracketed numbers indicate number of individual beetles represented by 
each sample. Bromius obscuris and Phlaeopterus castaneus, non-carabids detected in this 
survey, used as outgroups.  
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Figure 7: Tamura 3-parameter maximum likelihood tree showing the relationships between 
the two P. herculaneus BINs and the single P. neobrunneus BIN in the BOLD database, 
including conspecific specimens found in this survey of the Chun T’Oh Wudujut Provincial 
Park, British Columbia, Canada, and using P. riparius as an outgroup. A discrete gamma 
variation (+5) was used to model uniformity of evolutionary rates. The Bootstrap method was 
used to analyze phylogeny, with 500 bootstrap replications, and bootstrap values are labelled 
at each node. A model selection test was used on the data to determine the most appropriate 
model. Bracketed numbers indicate number of individual beetles represented by each sample. 
40 | P a g e  
 
 
 
Figure 8: Tamura 3-parameter maximum likelihood tree showing the diversity within the P. 
melanarius samples recorded in the BOLD database, including samples from this survey of 
the Chun T’Oh Wudujut Provincial Park, British Columbia, Canada, and using P. riparius as 
an outgroup. The Bootstrap method was used to analyze phylogeny, with 500 bootstrap 
replications, and bootstrap values are labelled at each node. A model selection test was used 
on the data to determine the most appropriate model. Bracketed numbers indicate number of 
individual beetles represented by each sample. 
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P. adstrictus BINs, described above, appear to be geographically disparate and could represent 
different species. 
The introduced species P. melanarius shows a high degree of genetic similarity across its 
known and barcoded range, throughout North America and Europe (Figure 8). Eight closely 
related COI sequences have been identified, and the minor genetic differences do show a 
possible correlation with geographic distribution. Only three of these sequences occur within 
North America, while seven occur in Europe. There is a single sequence that has been observed 
only in North America. 
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2.4 Discussion 
 
Biodiversity and Ecology 
 
A total of 19 carabid species were detected during the survey period, seven more than Lee 
(2013).  The increase is likely a result of the larger sampling effort in this survey, of the wider 
geographic area that was sampled, or a combination of both. 
The high incidence of Scaphinotus marginatus (Table 1) indicates that it is a dominant 
and versatile species in this area. Given the numbers and low genetic diversity within this 
species, suggesting one large, interconnected population, it is likely that it has been established in 
the area for a long time and is effective at dispersing within its range. It is known to occur in a 
wide range of habitats, including both deciduous and coniferous forests, urban areas, mountains, 
and tundra (Larochelle & Larivière 2003) as well as across North America and parts of Europe 
(Lindroth 1961, BOLDSystems 2018). S. marginatus is eurytopic, reflecting its wide geographic 
range, and the adult is thought to live for longer than one year (Lindroth 1961). Despite this, 
most British Columbian carabid literature does not support the dominance of S. marginatus in 
nearby or theoretically similar areas (Niemelä et al. 1993, Spence et al. 1996, Work et al. 2006, 
Henderson 2010), although McColl (2010) observed high numbers of S. marginatus in sub-
boreal spruce forests near Houston, BC, and S. marginatus was the dominant species in Lee’s 
(2013) survey of the Chun T’Oh Wudujut.  
Scaphinotus marginatus is known to be nocturnal and hides during the day in large 
shelters with up to 50 other conspecific individuals (Larochelle & Larivière 2003). The species 
has been observed to survive over the winter, hiding in shelters until it is warm enough to emerge 
(Larochelle & Larivière 2003). It primarily feeds on snails and slugs (Larochelle & Larivière 
2003), but will consume other organisms, including earthworms (Digweed 1993,1994) and 
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dipteran eggs (Stage & Yates 1939, Larochelle 1972), and has been observed to consume 
mealworms in captivity (Larochelle & Larivière 2003) suggesting a flexibility in diet. S. 
marginatus is brachypterous, and so is forced to rely on terrestrial dispersal (Larochelle & 
Larivière 2003). 
Trechus chalybeus was also present in high numbers (Table 1), comprising the second 
highest proportion of total carabid diversity. The frequency of T. chalybeus indicates either that it 
is extremely common in the Chun T’Oh Wudujut habitat, and thus reasonably successful, and/or 
extremely active where it is present. The species is known to occur throughout a wide range of 
habitats, including both deciduous and coniferous forests, and especially appears to prefer wet or 
damp areas (Larochelle & Larivière 2003). It is often found under rotting leaves, although it has 
also been observed in grasslands if conditions are humid enough (Lindroth 1963). Several other 
surveys in British Columbia do not mention detecting T. chalybeus (Niemelä et al. 1993, Spence 
et al. 1996, Work et al. 2006, Henderson 2010), or it was detected as a rare species (Schotzko 
2013). McColl (2010) and Lemieux and Lindgren (1999) did capture relatively high numbers . 
The latter survey was conducted in cool, wet habitats most similar to my study area. It was also 
the second most frequently observed species in the Chun T’Oh Wudujut in Lee’s (2013) study.  
It is possible that the small size of T. chalybeus enables it to slip through many surveys, 
or it may simply not be as widespread as some of the other species within the Chun T’Oh 
Wudujut. Trechus chalybeus was also observed in moderate numbers by a survey in Oregon 
(LaBonte 1998), suggesting that factors aside from geographic range may be more important in 
determining the presence or absence of T. chalybeus in any given area. Like S. marginatus, T. 
chalybeus is nocturnal and brachypterous (Larochelle & Larivière 2003). T. chalybeus possesses 
pygidial glands that can release a foul odour as a defense mechanism (Larochelle & Larivière 
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2003) and it is suspected that both the larvae and adults are capable of hibernation (Lindroth 
1963). This species can be difficult to distinguish from other Trechus spp. (Lindroth 1963). 
Two taxa, P. riparius and P. adstrictus, were more difficult to identify, and many of those 
morphotyped as belonging to those groups were identified as different species during the final 
identifications (Table 1). Given that the initial morphotyping was designed to maximise the 
speed of the process at the cost of accuracy, this was not unexpected. The barcoding detected 
several species within the groups tentatively identified as P. adstrictus and P. riparius, including 
Loricera decempunctata, Synuchus impunctatus, Agonum gratiosum, Harpalus somnulentus, and 
Calathus advena. Morphological traits were then determined using Lindroth (1961-1969) that 
made morphological identification more reliable, although P. riparius and the similar species 
remain among the more challenging to identify of those present within the Chun T’Oh Wudujut.  
Pterostichus riparius is the smallest species of Pterostichus that was observed, measuring 
from 6.5-8 mm, featuring black elytra with deep furrows and rufous legs (Lindroth 1966). It has 
mostly been detected within the northwestern portion of North America, and in one instance in 
eastern Canada, but not within the contiguous United States. It has not been barcoded or 
identified outside of Canada (Lindroth 1966, BOLDSystems 2018). Pterostichus riparius is 
usually found in forests, especially in dark and wet areas (Lindroth 1966, Larochelle & Larivière 
2003). The species is brachypterous, and has been observed to eat mealworms in captivity 
(Larochelle & Larivière 2003). It extends beyond the timber line in some areas, despite being 
poorly cold-adapted relative to other closely related species (Lindroth 1966). 
Pterostichus adstrictus is a medium-sized (9.5-13mm) black beetle with several dorsal 
punctures and a mesh-like appearance to the elytra (Lindroth 1966). It has been detected and 
barcoded throughout North America and Europe, appearing to be fairly widespread (Lindroth 
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1966, BOLDSystems 2018). This species has been observed more frequently in open areas than 
in forests, although its range does not extend to the tundra or above the timber line (Lindroth 
1966), but it is present in a wide range of habitats, and is mostly nocturnal (Larochelle & 
Larivière 2003). Pterostichus adstrictus has a broad diet, which includes gastropods, larvae and 
eggs of various arthropod species, and captive mealworms (Larochelle & Larivière 2003). It is 
macropterous, and largely nocturnal (Larochelle & Larivière 2003). The species has been 
observed to overwinter as adults (Lindroth 1966, Larochelle & Larivière 2003). 
Pterostichus herculaneus, one of the largest of its genus (13.5-17mm; Lindroth 1966), has 
a relatively restricted distribution, occurring in northwestern North America, with a few possible 
instances in the southwestern and central United States (BOLDSystems 2018). It is a black 
beetle, with paler mouthparts, and well-defined hind-angles on the prothorax (Lindroth 1966). 
This species is usually found in dense forests, frequently under logs (Lindroth 1966, Larochelle 
& Larivière 2003). It is wing-dimorphic, though mostly brachypterous (Larochelle & Larivière 
2003). Macropterous individuals have been observed frequenting artificial light sources at night 
(Larochelle & Larivière 2003). Similar to other Pterostichus species, it has a varied diet, though 
it is known to rely on grasshopper eggs (Larochelle & Larivière 2003). It is capable of 
overwintering both as a larva and as an adult (Lindroth 1966, Larochelle & Larivière 2003), and 
it has been shown to be favoured by anthropogenic activities (Larochelle & Larivière 2003). 
Pterostichus neobrunneus is slightly smaller than P. herculaneus (11.5-14.2mm; Lindroth 
1966). It is also black, with obtuse pronotal hind-angles, and a glabrous terminal tarsal segment 
(Lindroth 1966). Lee (2013) was unable to distinguish specimens found within the Chun T'Oh 
Wudujut as P. neobrunneus or P. ecarinatus, the defining characteristics being a subjective 
difference between the microsculpture on the prothorax and the level of development of a furrow 
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on the metatarsus (Lindroth 1966). Pterostichus neobrunneus has been observed within western 
Canada and the northwestern United States, though it has been only incidentally sampled in the 
US for barcoding work (Lindroth 1966, BOLDSystems 2018). It is most often found in 
woodlands, and is known to overwinter as an adult (Lindroth 1966, Larochelle & Larivière 
2003). Pterostichus neobrunneus is brachypterous (Larochelle & Larivière 2003).  
Pterostichus melanarius was the least frequently observed carabid within the Chun T'Oh 
Wudujut, and is a known introduced species, originating in Europe and introduced to both coasts 
of North America (Lindroth 1966). It is comparable in size to P. herculaneus, though it can grow 
to be larger (12-19mm; Lindroth 1966). Pterostichus melanarius has obtuse pronotal hind-angles 
and long elytra (Lindroth 1966). It has been found throughout North America and Europe, 
suggesting a very wide range, as expected due to its rapidly-dispersing nature (Lindroth 1966, 
BOLDSystems 2018). Pterostichus melanarius occurs most frequently in less-dense forests or 
cleared areas, and is known to overwinter as an adult (Lindroth 1966). 
Pterostichus melanarius showed more geographic and genetic diversity than could be 
expressed on the larger phylogenetic tree (Figure 6) due to scaling, so it was examined separately 
(Figure 8). The species, native to Europe, was introduced in North America (Lindroth 1969, 
Niemelä & Spence 1999) and was first confirmed in Edmonton, Alberta, approximately 500 km 
from the Chun T’Oh Wudujut, in 1959 (Madge 1959), although the report mentions earlier, 
unspecified occurrences of the species in North America. Lindroth (1966) cites the earliest record 
of P. melanarius in North America as occurring in St. John’s, Newfoundland, in 1926, and 
mentions introduction as having occurred from both the eastern and western coasts of North 
America. This record was noted by Brown (1950), who referred to the species by an old name: 
Feronia melanaria. The species was not included in an 1866 listing of coleopterans within North 
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America (LeConte 1866), nor in an 1894 listing of carabids common between Europe, Asia, and 
North America (Hamilton 1894), supporting that it was either detected or introduced later.  
Pterostichus melanarius shows a high level of genetic diversity that appears to 
correspond to geographical factors (Figure 8). Three distant genetic populations have been 
observed in North America, while seven have been detected in Europe, out of a total of eight 
BINs. One single BIN appears to be exclusive to North America. As P. melanarius is known to 
be introduced (Lindroth 1966, Niemelä & Spence 1999, Larochelle & Larivière 2003, Crowder 
& Snyder 2010), it is possible this genetic diversity is a result of multiple colonization events and 
possible subsequent mutation, which is supported by Lindroth’s (1966) claim that introduction 
occurred at both coasts of North America, with an original population in Europe. Pterostichus  
melanarius is known to benefit from anthropogenic disturbances (Larochelle & Larivière 2003). 
Interestingly, in addition to appearing on multiple continents, the species also has been observed 
on two distant island habitats, both on Prince Edward Island and on the Gulf Islands of British 
Columbia (BOLDSystems 2018), located on opposite ends of the continent. This reinforces 
knowledge about the species’ propensity for wind dispersal, as it has often been found in 
seashore drift material (Larochelle & Larivière 2003). 
The dispersal patterns of P. melanarius have been studied (Niemelä & Spence 1999) and 
the species, which is wing-dimorphic, may have winged individuals occurring more frequently 
on the edges of the population, and flightless individuals appearing more frequently in more 
established populations. The winged individuals are more common in North America than they 
are in Europe (Lindroth 1966, Larochelle & Larivière 2003), possibly as a result of continuing 
colonization and expansion in North America. I collected both morphs, suggesting an established 
population, though the low numbers suggest that the population has not been able to displace the 
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native species. It is known to feed on a variety of food sources, including caterpillars, eggs and 
larvae of multiple different species, weevils, worms, juvenile salamanders, meat, and plants 
(Symondson et al. 2000, Larochelle & Larivière 2003). It also will scavenge dead material, and 
will hunt and kill prey even when it has already fed (Larochelle & Larivière 2003). Pterostichus 
melanarius is also known to eat slugs, and prefers slugs of a smaller size (Symondson et al. 
2000, McKemey et al. 2001). I noted a great number of slugs during my survey, though they 
were not counted, suggesting that P. melanarius should have an abundant enough food source to 
survive in this region. It is not known why they have not been able to establish in greater 
numbers. I speculate that conflict over resources with the more successful native species, such as 
S. marginatus, may have limited their success.  
Pterostichus melanarius has been observed to have a strong detrimental effect on the 
populations of P. adstrictus in urban and agricultural areas (Larochelle & Larivière 2003), but 
that was not observed in this study; possibly because the populations of P. melanarius in the 
Chun T’Oh Wudujut are too small, and possibly because the forested ecosystems result in a 
different interaction between the two species. 
DNA Barcoding and Species Identification 
 
Cross-referencing morphological identifications of species found within the Chun T’Oh 
Wudujut with the BOLD database increased the accuracy of my identifications and contributed 
to the database for the benefit of future studies. 
The BOLD results highlight both a strength and a weakness associated with using genetic 
databases to identify organisms. Several species in the database have multiple BINs, and 
wherever that is the case, it is very difficult to say if a returned species identification is accurate. 
Many of the instances of multiple BINs in the database are likely the result of misidentifications 
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(for example, the second BIN for P. riparius), though it is also possible that several of the species 
in question are previously unknown cryptic or derived species that were not detected by 
morphological identification or previously known to exist (Rowley et al. 2007). While DNA 
barcoding is very good for detecting such species, which otherwise might remain unknown, there 
is always the risk that an identification returned by the database is based on inaccurate 
morphological identification that has previously been submitted, and so any result should be 
treated with a level of caution (Harris 2003, Nilsson et al. 2006, Bidartondo 2008). This problem 
can be mitigated by carefully examining all of the results, which may lead to the discovery of 
new species or evolutionary histories, although in many instances this would be prohibitively 
time-consuming (Harris 2003, Nilsson et al. 2006). BOLD is aware of and works to mitigate this 
issue by validating their samples, reducing the number of possible errors in the database 
(BOLDSystems 2018).  
When examined early on in this study, P. riparius had two BINs within the BOLD 
database, but a closer examination indicated a strong likelihood that one of the BINs was actually 
representative of S. impunctatus, and contains specimens misidentified as P. riparius (Figure 6). 
The two species are morphologically distinguishable, but similar enough that they could be 
mistaken during a quick morphotyping analysis, as occurred during my study. The first BIN is 
likely comprised of P. riparius, and this was used as a basis for my own identification of this 
species. The BIN contains examples of P. riparius from numerous locations within Canada and 
the United States, and is phylogenetically close to the other members of the Pterostichus genus 
found within the survey (excluding P. adstrictus, mentioned below). The second BIN contains 
numerous samples of S. impunctatus, and a small number of P. riparius specimens, likely 
misidentified. This is supported by updates to the BOLD database, which now shows only one 
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BIN for P. riparius. My own samples with a close genetic match to the former second BIN, 
which had been morphotyped as P. riparius, were re-examined upon their return from the 
University of Guelph and were found to be morphologically distinct from P. riparius, matching 
the description of S. impunctatus given by Lindroth (1961-1969). With the support of the BOLD 
database and closer morphological identification, I concluded that the two P. riparius BINs in the 
BOLD database are representative of different species, likely P. riparius and S. impunctatus. 
Genetic analysis identified a possible inconsistency within the currently described 
Pterostichus genus. Pterostichus adstrictus was shown to be genetically distant to the rest of the 
genus based on a survey of the BOLD results (Figures 5 & 6), but the extremely low bootstrap 
values supporting this placement suggest it may not be accurate. In the event that the placement 
is accurate, it is possible that the species we observed are in fact the Pterostichus adstrictus 
described by Eschscholtz (1823), and that the other BIN represents a different species. 
Eschscholtz first identified P. adstrictus in Alaska (Lindroth 1966), supporting that the North 
America BIN is likely the correct one. An alternative explanation is that the original genus-level 
placement of P. adstrictus was incorrect, and the species does not belong in the Pterostichus 
genus at all.  
An examination of the data within BOLD supports speculation that the species present in 
the Chun T’Oh Wudujut is the Pterostichus adstrictus originally described by Eschscholtz in 
Alaska. The BOLD database contains two BINs labelled as P. adstrictus, one of which has 
specimens from Canada and the United States, and the other of which contains specimens from 
Germany, Finland, France, Belgium, and Austria. The specimens generated from my study are all 
located within the North American BIN. Given these data, it seems possible that two different 
species are both being morphologically identified as P. adstrictus. Supporting the difference 
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between the two BINS, the European BIN containing P. adstrictus is mostly comprised of 
Pterostichus oblongopunctatus (Fabricius), suggesting that the specimens within that BIN that 
are labelled as P. adstrictus may have been incorrectly identified. Further review of those BINs 
could help to determine to which BIN, if any, P. adstrictus belongs. 
Based on the BOLD database and Lindroth (1969), it appears that, assuming the two 
BINs represent the separate species of P. adstrictus and P. oblongopunctatus, the species are 
geographically specific to different continents. Pterostichus adstrictus, aside from the five 
specimens within the (assumed) P. oblongopunctatus BIN, has not been observed within Europe, 
and P. oblongopunctatus has not been detected in North America. This further supports the 
difference between the two BINs and suggests that they represent those two species. Aside from 
this conflict, neither species is represented in more than one BIN. 
The phylogenetic tree (Figures 5 & 6) shows that the P. adstrictus in the Chun T’Oh 
Wudujut do not cluster with the rest of the Pterostichus genus. There are several possible 
explanations for this discrepancy. The first is that the tree is inaccurate – the bootstrap values 
surrounding the placement of P. adstrictus outside of the main grouping of Pterostichus species 
are low, and additional data may result in a monophyly for the Pterostichus genus. The second 
explanation is that P. adstrictus is not a member of the Pterostichus genus. This is supported by 
the different morphology of P. adstrictus – the elytra are much more brittle than those of other 
Pterostichus in the Chun T’Oh Wudujut, and the dorsal punctures are both more numerous and 
more regular. Alternately, it is possible that a combination of both explanations most accurately 
defines P. adstrictus – it may be a member of the Pterostichus genus, but less related to the other 
Pterostichus in the survey, resulting in its unexpected placement on the phylogenetic tree and the 
low bootstrap values. If that is the case, then P. adstrictus may have more proximate relatives in 
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Europe or elsewhere – one of which may be P. oblongopunctatus, which showed strong 
similarity to P. adstrictus in phylogenetic analysis. 
When the specimens caught in this study are analyzed alongside specimens from the 
BOLD database, the phylogenetic tree shows some change (Figure 6). Pterostichus melanarius is 
now a sister group to the main Pterostichus group, which also includes the genera Harpalus, 
Amara, and Dicheirotrichus. Once again the low bootstrap support in the nodes showing this 
placement caution against interpreting this data as showing evidence for a polyphyletic 
Pterostichus genus. 
Pterostichus herculaneus also has two BINs within the BOLD database, which appear to 
be closely related, although paraphyletically. The specimens from the first BIN match more 
closely with the specimens found in the Chun T’Oh Wudujut, while the samples from the second 
BIN show a stronger relatedness with P. neobrunneus, and it is possible that this BIN represents 
a cryptic species (Figure 7). The first BIN, which matches the individuals caught in this survey, 
has been identified to species in several different studies, while only one study identified samples 
within the second BIN as being members of P. herculaneus. Most of the samples within the 
second BIN were only identified to the order Coleoptera, and the identification of that BIN as P. 
herculaneus appears to hinge solely on a single study from Colorado (BOLDSystems 2018). It is 
possible that those specimens were misidentified, and that the second BIN does not represent the 
P. herculaneus species. If that is the case, a re-examination of the second BIN may be advisable, 
and these samples could be found to represent a cryptic species. There is a clear geographic 
separation between the BINs, with the second BIN being located entirely in the vicinity of the 
southern Rocky Mountains, mostly near the western slopes, while the first BIN is located mostly 
in British Columbia and incidentally in Oregon, much further to the north. Further research could 
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help to determine whether the second BIN represents 1) a new cryptic species; 2) a 
geographically derived group of P. herculaneus or P. neobrunneus; or 3) another Pterostichus 
species with no records in the BOLD database.  
The increase in biodiversity detected by DNA barcoding supports the value of this 
process in identifying species, as it allows a researcher to perform a very quick morphological 
evaluation of samples, and then confirm those results with BOLD, resulting in an easy overview 
of the biodiversity of an area without requiring a thorough examination of every specimen. The 
barcoding process was able to provide an easy solution for the difficulty in distinguishing P. 
ecarinatus and P. neobrunneus. As none of the barcoded specimens were identified genetically as 
P. ecarinatus, it is likely that the species does not occur within the Chun T’Oh Wudujut. This is 
supported by the rarefaction curve, which shows it is likely that almost all species common 
within the old growth forests have been collected (Figure 4). Without DNA barcoding I would 
have been unable to distinguish these two species reliably. 
The possible paraphyly in the Amara genus (Figures 5 & 6) may be another product of 
low confidence values in the bootstrap intervals. Additional data may reveal that the Amara 
genus is monophyletic; unfortunately, we only observed one possible sample of Amara erratica, 
so there was insufficient data to compare and it is possible that an error occurred somewhere in 
the identification or taxonomic group process.  
Despite providing an easily-examined perspective on genetic relationships, DNA 
barcoding is not a reliable tool for determining higher-order relationships between taxa 
(Greenstone et al. 2005, Waugh 2007). Greenstone et al. (2005) recommended using several 
different sequences with slow evolutionary rates to reconstruct phylogenetic trees. The low 
bootstrap values seen in this survey are likely both a result of low sample size and low number of 
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characters sequenced – the section of the CO1 gene that was sampled is not very long, about 648 
base pairs (Ratnasingham & Hebert 2007), and as a result, small changes can have a 
disproportionately large effect on the phylogenetic placements. Examination of a longer stretch 
of the genome could help to mitigate these issues, generating a more reliable comparison of 
species relationships, especially at higher orders. 
Geographic Comparisons 
 
Two projects (Lemieux 1998, Lemieux & Lindgren 1999, Lemieux & Lindgren 2004) 
sampled an area approximately 400 km from the Chun T’Oh Wudujut, in the Engelmann Spruce-
Subalpine Fir (ESSF) biogeoclimatic zone, near Smithers BC. One of those surveys (Lemieux 
1998, Lemieux & Lindgren 2004) sampled both clear-cut and forested areas, detecting a total of 
28 carabid species, four of which accounted for 92.4% of the trap catch: S. angusticollis, C. 
advena, T. chalybeus, and S. marginatus, listed in order of abundance. All of these except for S. 
angusticollis were also present in the Chun T’Oh Wudujut. An additional seven species overlap 
with those found in the Chun T’Oh Wudujut, for a total of ten carabid species common to both 
areas. In order of abundance in the area near Smithers (Lemieux 1998, Lemieux & Lindgren 
2004), those are: C. advena, T. chalybeus, S. marginatus, P. adstrictus, P. riparius, L. 
decempunctata, H. nigritarsus, C. ingratus, A. erratica, and P. fossifrons. The other study 
(Lemieux and Lindgren 1999) sampled nearby clear-cut sites, and found 13 different species, 
five of which accounted for 89.5% of the area’s biodiversity. All of those five species overlap 
with species found in the Chun T’Oh Wudujut: P. riparius, C. advena, S. marginatus, T. 
chalybeus, and P. adstrictus in order of their abundance in the clear-cuts near Smithers. Though 
in both these surveys there was a large degree of overlap, different species showed different 
levels of dominance in the ESSF biogeoclimatic zone than in the Chun T’Oh Wudujut. Notably 
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S. marginatus, while still one of the more frequently observed species, comprised less of the trap 
catch near Smithers, while C. advena was much more prevalent. Despite the difference in species 
dominance, this level of overlap in biodiversity suggests that the Chun T’Oh Wudujut could have 
more in common with other forest ecosystems in BC than I previously predicted. 
Another study, conducted by McColl (2010) in the relatively drier Sub-Boreal Spruce 
(SBS) biogeoclimatic zone in west central BC, 300-400km from the Chun T’Oh Wudujut, 
examined the effect of ants on carabid populations. This survey also found several of the same 
species as I detected within the Chun T’Oh Wudujut: P. adstrictus, P. riparius, S. marginatus, 
Trechus chalybeus, C. advena, and S. impunctatus were all among the dominant species (McColl 
2010). Several other Chun T’Oh Wudujut species also were observed in McColl’s (2010) survey 
but were not as common in west-central BC, including P. herculaneus, P. fossifrons, C. ingratus, 
A. gratiosum, and H. somnulentus.  
Many of the species in the Chun T’Oh Wudujut have also been observed in habitats very 
similar to the nearby SBS and ESSF biogeoclimatic zones. Niemelä et al. (1993) detected several 
overlapping species on the opposite side of the Rocky Mountains from the Chun T’Oh Wudujut. 
However, the species in my study were found within boreal forests (Niemelä et al. 1993), 
suggesting that they immigrated into the Chun T’Oh Wudujut from the surrounding boreal area. 
Scaphinotus marginatus, C. ingratus, C. advena, and P. adstrictus were all in both the Chun 
T’Oh Wudujut (my survey) and the boreal forest near Hinton (Niemelä et al. 1993). 
Several of the species in the Chun T’Oh Wudujut were also observed nearby, in the SBS 
biogeoclimatic zone at sites under 70km west of the Chun T’Oh Wudujut parking lot (Schotzko 
2012). The study area was a heavily disturbed site and six species were found in high numbers, 
four of which (P. herculaneus, P. adstrictus, C. ingratus, and S. impunctatus) I also found in the 
56 | P a g e  
 
Chun T’Oh Wudujut (Schotzko 2012). With the exception of C. ingratus, these were all common 
within the Chun T’Oh Wudujut as well, suggesting they may be well established within British 
Columbia in a diversity of habitats. 
The strong overlap in biodiversity between these surveys is likely a result of geographic 
proximity, even though they measured a range of different ecosystems with a wide variety in 
precipitation and dominant flora. It is probable that many of the species within the Chun T’Oh 
Wudujut, particularly those also found in the nearby SBS biogeoclimatic zone, were introduced 
via colonization from the surrounding area. This idea is reinforced by the BOLD database, which 
indicates that many of the species I observed occur over a wide geographic range. It is also 
possible that the reverse is true, and species may have emigrated from the Interior Cedar 
Hemlock (ICH) biogeoclimatic zone into the surrounding SBS and ESSF biogeoclimatic zones. 
Potential immigrant or emigrant species include S. marginatus, T. chalybeus, P. riparius, P. 
adstrictus, P. herculaneus, S. impunctatus, C. ingratus, and C. advena. There may be continual 
exchange of individuals between these areas, although a study would need to be undertaken to 
verify that. 
I also compared the carabid biodiversity within the Chun T’Oh Wudujut to some more 
distant areas that share ecological characteristics. The Coastal Western Hemlock (CWH) 
biogeoclimatic zone features similar dominant tree species and high precipitation, and two large 
studies were done on carabids in those areas, one on the Sunshine Coast of BC and one in the 
Haida Gwaii Islands. 
Despite the ICH being very similar in floral diversity and weather conditions to a coastal 
habitat, a comparison with Henderson’s (2010) study in the CWH biogeoclimatic zone on the 
Sunshine Coast of British Columbia shows very little similarity in carabid biodiversity. Only four 
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species overlapped between the two studies, three of which were found in low numbers in the 
coastal survey. P. herculaneus was the only species common in both ecosystems. 
Another survey examined the carabid biodiversity of Haida Gwaii, an archipelago located 
off the northwest coast of British Columbia (Kavanaugh 1992), and also located within the CWH 
biogeoclimatic zone. The level of overlap between the two studies was quite low, though higher 
than between the Chun T’Oh Wudujut and the Sunshine Coast (Henderson 2010), with only six 
species being common to both studies. It is worth noting that several of the species common to 
both regions were among the dominant species in the Chun T’Oh Wudujut, S. marginatus and T. 
chalybeus among them.  
This low level of overlap between the carabid assemblages of the ICH and CWH 
biogeoclimatic zones is presumably a result of geographical isolation, as the Chun T’Oh Wudujut 
is located approximately 500 km away from the Sunshine Coast and roughly 700 km away from 
Haida Gwaii, 100 km of which is seawater that poses a significant deterrent to dispersal, though 
some species found in both regions (S. marginatus, T. chalybeus, P. riparius) are brachypterous 
and incapable of flight, limiting their dispersal ability (Kavanaugh 1992). Kavanaugh (1992) 
speculated that some species, such as S. marginatus, could disperse on driftwood, using clawed 
appendages to maintain their grip. Human-aided dispersal may also be important.  
For the most part, the same species were in the surrounding non-ICH areas: primarily S. 
marginatus, P. riparius, T. chalybeus, and P.adstrictus. Given the wide range exhibited by these 
dominant species, they appear to be capable of surviving in a broad range of ecosystems. Other 
species were less widespread, including P. herculaneus, P. neobrunneus, and A. idahoana, and 
though relatively common within the Chun T’Oh Wudujut were not detected as frequently in 
neighbouring areas. These species may have more specific ecological requirements that render 
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them unable to exist as successfully in the drier SBS and ESSF biogeoclimatic zones that 
surround the ICH zone.  
 The relationship of carabid distribution and geography is largely supported by the genetic 
comparisons found in the BOLD database (Figure 6). Where multiple possible BINs exist for a 
species, such as for P. herculaneus and P. adstrictus, the BINs are often separated geographically, 
showing an increase in genetic distance with increased geographic distance. Some species, 
however, do show a very large range within their BIN.  
 The North American BIN for P. adstrictus, while geographically distinct from the 
European BIN, shows a very wide distribution pattern, being found throughout North America, 
in locations as disparate as British Columbia, New Brunswick, and New Mexico. Lindroth 
(1966) describes a similar distribution, extending as far south as Arizona (which is at a similar 
latitude to New Mexico). The European BIN, which likely represents P. oblongopunctatus, is 
fairly widespread as well, having been observed as far apart as Finland and France. In each of 
these instances it appears that these BINs are present contiguously throughout these ranges, 
although additional sampling would be needed to confirm this. Pterostichus adstrictus is 
macropterous (Lindroth 1966) which could allow it to expand its range beyond that of 
brachypterous carabids. 
 Synuchus impunctatus has been barcoded throughout northern North America, 
demonstrating a wide distribution. It is known to be wing-dimorphic (Lindroth 1966), which may 
contribute to its large range. 
 Most of the other common species of the Chun T’Oh Wudujut demonstrated a reduced 
range in comparison. Pterostichus riparius has only been barcoded within western Canada and 
Alaska, and this is consistent with the range described by Lindroth (1966). Pterostichus 
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herculaneus (excluding the second BIN described earlier) and P. neobrunneus both show similar 
distributions, which are also consistent with their descriptions in Lindroth (1966). All of these 
species are described by Lindroth (1966) as having reduced wings, which likely contributes to a 
shorter range for dispersal, and results in a more limited distribution. 
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2.5 Conclusion 
 
Through a combination of morphological identification and DNA barcoding, I observed 19 
carabid species within the Chun T’Oh Wudujut. Scaphinotus marginatus was most dominant, 
followed by T. chalybeus, and several Pterostichus spp. The genetic analysis and subsequent 
morphological review revealed several species formerly undetected in the ecosystem, 
demonstrating a previously unknown level of biodiversity. This survey was also able to refine a 
morphological key to the species in the ecosystem that may be useful to future bioindicator-
based studies in the area, potentially saving them the cost of barcoding. Using these data, future 
studies will have a baseline for expected species in the Chun T’Oh Wudujut and will be better 
able to assess ecosystem health. The carabid species within the Chun T’Oh Wudujut show some 
overlap with the surrounding area, indicating a likelihood of colonization between 
biogeoclimatic zones in British Columbia, as well as some species that have not yet been 
detected in the surrounding area. Future studies may expand on our knowledge of the different 
species present within the Chun T’Oh Wudujut and the interactions that exist between them. 
Carabids are a frequent target for surveys, and as such there are many studies across the 
province which allow a thorough comparison of biodiversity between different sites. While 
comparing these different sites allows researchers to gain a more thorough understanding of the 
carabid biodiversity across a larger range, it is important to acknowledge that minor differences 
in sampling may bias such analyses. A thorough sampling effort is required in order to assess the 
carabid biodiversity in an area, and even when that is accomplished, minor differences in trap 
setup or methodologies can result in different levels of sampling success. A difference in the size 
of the holes in a pitfall trap could exclude certain larger species, and the size of mesh used to 
filter trap results could allow smaller species to be accidentally omitted. A species accumulation 
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curve (Figure 4) can be a useful tool in verifying whether the sampling effort in a particular study 
was adequate, and even if it is, there are many reasons that a species may be missed or omitted, 
such as environmental conditions, which are discussed in Chapter 3. Despite these problems, 
which are mitigated but not eliminated by standardized trapping methods, comparing 
biodiversity between different sites is extremely valuable, and can lead to a deeper understanding 
of the ecological relationships and life histories of groups like carabids. 
The Chun T’Oh Wudujut, despite featuring many similar species to other parts of BC, has 
a unique ecological and geological history, with a different combined carabid assemblage from 
other areas. The park that now exists protects a unique assemblage of species, with varied 
interactions that are not yet fully understood.  
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Chapter 3: Carabidae as Bioindicators of Disturbance in Chun T’Oh Wudujut 
 
Bioindicators can be a valuable tool for providing an efficient assessment of ecosystem health. In 
order to assess their potential as bioindicators of disturbance, carabid diversity was compared 
among habitats showing different levels of disturbance within the Chun T’Oh Wudujut. Three 
disturbance regimes were used for this analysis: Undisturbed old growth, disturbed old growth 
near human walking trails, and heavily disturbed clear-cuts. Temperature and relative humidity 
were measured and considered as variables affecting diversity. Several possible bioindicator 
species and approaches were identified. The most heavily and recently disturbed sites showed the 
highest levels of biodiversity, suggesting that carabid species richness could be used as an 
approximate indicator of disturbance. Several species appeared suitable as bioindicators, 
including Scaphinotus marginatus, Trechus chalybeus, Pterostichus herculaneus, 
and Pterostichus riparius, although a combination of several of those species would likely be 
more effective than using any individually. Temperature and relative humidity were more 
variable in the less-covered clear-cut sites, and could have impacted carabid diversity and 
activity. Environmental data should be measured to improve the accuracy of future bioindicative 
studies.  
3.1 Introduction 
 
The Chun T’Oh Wudujut, or Ancient Forest, is an inland temperate rainforest located in 
mid-eastern British Columbia. With some old-growth stands estimated at over 1,000 years of age 
(Stevenson et al. 2011), the Chun T’Oh Wudujut is a valuable ecosystem, and has recently been 
recognized and protected as a provincial park by the government of British Columbia (BC Parks 
2016), after several years of effort. However, some stands have been harvested in the past, and 
the impacts of that on the surrounding area are not fully understood. 
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In British Columbia, provincial parks are designated and protected by the Parks Act of 
1996, which classifies protected areas and assigns them protections from resource exploration 
and extraction, and other activities. The Chun T’Oh Wudujut is classified as a Class A park, so 
no natural resources, with the exception of fish and wildlife harvested under the Wildlife Act or 
disturbed for study or photographic purposes, may be exploited in the park, though the 
overseeing Minister can issue permits if the activity is deemed necessary for the preservation of 
the park (BC Parks Act 2016). Mining, logging, hydroelectric development, and other heavy 
industrial practices are forbidden within the park, and no permits may be issued to allow their 
development. Tourism is allowed in BC Parks and, in the case of the Chun T’Oh Wudujut, there 
are already boardwalks in place to facilitate public access. As my research took place before the 
area was designated a park by the province, the information I collected provides baseline data for 
the park. 
Declaring an area protected, as in the case of provincial parks in British Columbia, 
usually reduces the amount of land-cover clearing, and so helps to preserve the natural habitat 
within the park’s boundary (Nagendra 2008). This is especially true in North America and 
Europe, where responsibility for the park is often shared between fewer participants than in other 
parts of the world (Nagendra 2008). The Park Act (1996) of British Columbia does not name 
many participants responsible for decisions involving the parks, limiting the responsibilities to 
the Minister and persons they designate capable to act in their stead. The provisions of the Parks 
Act, or of similar legislation in other parts of the world, should help to protect the natural 
environment of the park against severe anthropogenic disturbances. 
While protected parks provide obvious benefits, they are often subjected to increased 
visitor traffic, which could result in a range of different effects. Human activity has been 
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correlated with alien species richness in parks and other protected areas (Spear et al. 2013), and 
the activity of humans and vehicles near the park may result in some more reclusive species, 
such as wolves, avoiding large portions of the protected area (Kaartinen et al. 2005, Ronnenberg 
et al. 2017). Some species are very sensitive to anthropogenic noises, and the stress can have a 
severe impact on their reproductive success (Tennessen et al. 2014). The paths themselves may 
also have an impact, as boardwalks and ramps are often constructed to increase the park’s 
accessibility to visitors and, if not installed carefully, could be an avenue for the introduction of 
invasive species. The machines used to clear areas and install paths can have long-term effects 
on the environment, impeding forest regeneration (Cambi et al. 2015). It is important to consider 
these factors when assessing a protected ecological area such as the Chun T’Oh Wudujut. 
In addition to unintended effects of human traffic, other anthropogenic disturbances can 
have immediate and severe consequences to an ecosystem. Clear-cutting is one such activity that 
can have strong impacts on an ecosystem. It is worth noting that some sections of the Chun T’Oh 
Wudujut had previously been subject to clear-cutting, including some of the locations I sampled, 
and those sections are excluded from the provincial park’s boundaries, despite in some cases 
being surrounded by protected areas on all sides. One of those areas, my site C1, is excluded 
from the park as a potential future expansion for a Ministry of Transport gravel pit, and the other 
two, C2 and C3, are located just past the edge of the park’s boundary. 
Clear-cutting a forest has severe effects, both on the harvested area and on the 
surrounding forest. For example, Steventon et al. (1998) measured the biodiversity of birds and 
small mammals in old growth, clear-cuts, and areas of intermediate disturbance, and found that 
the species composition varied across the different habitat types, moving towards an assemblage 
typical of clear-cuts as the level of disturbance increased. They conducted their research near 
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Hazelton, BC, located approximately 440 km away from the Chun T’Oh Wudujut, although both 
sites are in the same biogeoclimatic zone, the Interior Cedar-Hemlock. 
Bioindicative surveys are increasingly important as societal demands on natural resources 
rapidly escalate, and it is essential to maintain ecologically stable natural environments by 
minimizing the effect of development and maintaining sustainable ecosystems and management 
practices. McGeoch (1998) identified two major criteria for potential bioindicators. First, 
bioindicator sampling should be economically and logistically viable. If a taxon can be collected 
and identified quickly, at low cost, and without a high level of expertise, that taxon is more likely 
to serve as an effective bioindicator, as bioindicative surveys are often subject to low funding and 
intense time constraints. Second, the taxon needs to be biologically effective. In order to serve as 
a bioindicator, it must respond to changes in the environment in a predictable, ideally consistent, 
manner. It is also helpful for that taxon to be widely distributed, allowing for multiple surveys to 
be performed in different areas with similar objectives.  
Carabids are a frequent candidate taxon for such surveys, as they easily satisfy the first 
criterion (McGeoch 1998), being feasible to sample on a large scale using pitfall traps with very 
low corresponding cost and effort. Additionally, many carabid species are relatively large when 
compared to other terrestrial arthropods, and can be identified with a low level of training, 
though this is not true for all species, as some are extremely difficult to differentiate without 
genetic testing (Chapter 2). 
It is less clear if carabids as a group can satisfy McGeoch’s (1998) second criterion 
effectively. Past studies have yielded varying results as to the suitability of carabids as 
bioindicators. Rainio and Niemelӓ (2003) determined that carabids can be useful bioindicators 
but should be used with caution, as there is not enough data detailing their relationships with 
66 | P a g e  
 
other species that may affect any bioindication surveys. McColl (2013) supported this 
assessment, detailing a negative effect on carabid beetle activity-abundance by two different 
species of ants, Formica aserva (Forel) and Camponotus herculeanus (L.). Pearce and Venier 
(2006) assessed the effectiveness of carabids and spiders as bioindicators and found mixed 
results, with the groups being much more responsive to select habitat disturbance events. While 
carabids responded measurably to large-scale impacts on habitat, such as clear-cutting and forest 
fires, they did not respond to habitat fragmentation as clearly, making them less useful as 
bioindicators in that situation (Pearce and Venier 2006). McGeoch (1998) discussed the possible 
use of carabids as bioindicators but stressed the importance of being thorough in such surveys, as 
rushed surveys can lead to inaccurate results and groups identified as bioindicators are not 
always adequately researched. 
Carabids have been demonstrated in multiple studies to respond to clear-cut disturbances, 
although different species show a variety of responses (Niemelä et al. 1993, Spence et al. 1996, 
Abildsnes & Tømmerås 2000, Heliölӓ et al. 2001, Koivula & Niemelä 2002). In general, carabid 
biodiversity increases in an area after clear-cut harvest has occurred, with old growth stands 
showing a higher level of dominance by fewer species (Niemelä et al. 1993, Heliölӓ et al. 2001). 
Carabids have also been observed to respond to changes in temperature. Specifically, 
fecundity levels were affected, with higher temperature being associated with a higher level of 
egg production, though at a reduced size per egg (Ernsting & Isaacs 2000). Additionally, one 
study demonstrated a relationship between temperature and carabid predation on slugs, with 
higher levels of predation in some species at higher temperatures, and with some species 
showing their peaks at specific temperatures (Ayre 2001). This may reflect a relationship 
between temperature and carabid activity-abundance, speculated to exist after the low number of 
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carabids caught in the Chun T’Oh Wudujut in Lee’s (2013) exploratory survey. Humidity may 
also have an effect on carabid activity-abundance, as the high level of precipitation during that 
survey was speculated to have had an effect on the catch rate of carabids (Lee 2013)  
The effects of temperature on pitfall trapping are, in general, not well-known, and a 
recent study (Saska et al. 2013) attempted to identify the nature of the suspected relationship 
between temperature and pitfall catch rate. Examining pitfall catch rates of carabids across 
several countries and in several different habitats, they showed that higher temperatures are 
correlated with higher catch rates in two-thirds of all cases; maximum temperature was a more 
reliable indicator of that relationship than minimum temperature (Saska et al. 2013). Individual 
carabid species showed a more variable and inconclusive set of relationships to temperature, 
though that is likely partly a result of lower data for the catch rates of individual species. Some 
species did not appear to respond at all to temperature, while others responded positively or 
negatively to increased temperature. In some cases, diurnal species were detected more often at 
higher temperatures, and nocturnal species more often at lower temperatures, but this was not 
always the case. Saska et al. (2013) developed a model to correct for the variations in 
temperature in pitfall trap rates, which could be applied to my study and to future studies to gain 
a better understanding of biodiversity under a range of temperatures, making sparse data from 
survey years with low overall temperatures, such as the carabid survey within the Chun T’Oh 
Wudujut in 2011 (Lee 2013), more valuable and effective for determining biodiversity levels in 
an ecosystem. This could also help to relate the data from that year to the data collected in this 
study, providing an additional layer of understanding of the relationships that may exist between 
the catch rates and environmental conditions of the two surveys. 
The main objective of this chapter was to identify factors that might affect carabid 
68 | P a g e  
 
biodiversity, and to detect the effects of those factors on the carabid assemblages within the Chun 
T’Oh Wudujut. I selected three different habitat types within which to assess carabid 
biodiversity, and measured temperature and relative humidity in each site for the majority of the 
sampling period. A better understanding of these habitat types, and the influences of temperature 
and relative humidity, will increase the value of this group as bioindicators within the Chun T’Oh 
Wudujut and in similar or proximate areas, allowing ecological surveys to more effectively 
gauge ecosystem health. 
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3.2 Methods 
 
Habitat Summary 
 
Three habitat types were selected, as described in Chapter 2: undisturbed old growth, 
disturbed old growth, and clear-cut. Trapping was done using modified Nordlander pitfall traps 
(Lemieux & Lindgren 1999, McColl 2010, Higgins & Lindgren 2012), arranged in trap rings of 
three pitfalls, which were treated as a single unit. Each site contained ten of these units. More 
detailed information on trapping protocols can be found in Chapter 2; this chapter uses the same 
sites and samples. 
The three disturbed old growth sites (D1, D2, D3) were next to the walking trails of the 
Chun T’Oh Wudujut Park no more than 0.4 kilometers distant from each other and within 10 
meters of the walking trails, while the undisturbed old growth sites (U1, U2, U3) were located 
further away from frequent human disturbance, approximately 100 m into the undisturbed forest 
from the highway. The undisturbed sites were always on the opposite side of the highway from 
any parking or cleared area. One of these sites was located across the highway from the disturbed 
old growth sites (U1), and the others were approximately 5.9 (U2) and 13.5 (U3) km away. The 
clear-cut sites (C1, C2, C3) had all been harvested within the last 8-12 years, and limited 
regrowth had occurred, varying between the sites. Two of the clear-cut sites (C2 and C3) were 
within 500 meters of each other, and the other (C1) was approximately 7.6 km away (Fig 2.1). 
C2 and C3 had been harvested and replanted 8 years prior, and C1 had been harvested and 
replanted 12 years before this study (Government of BC 2017). 
The undisturbed old growth habitat type was expected to represent the natural 
biodiversity of the Chun T’Oh Wudujut, or provide as close an approximation as possible to sites 
without anthropogenic disturbances. The disturbed old growth habitat type represented a mild 
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disturbance, and the effect of the walking trails on the carabid diversity of the area. The clear-cut 
habitat type represented a severe disturbance, and the impacts such a disturbance has on the 
carabid diversity, if any.  
The beetles were identified using both morphological identification with a taxonomic key 
(Lindroth 1961-1969) and DNA barcoding through the BOLD database (Ratnasingham & Hebert 
2007, BOLD 2017), as described in Chapter 2. Any specimens that were not identified as 
Carabidae were excluded from further analysis, but were retained in the lab. 
Environmental Data 
 
I placed two HOBO data loggers (U23-001, Onset Computer Corporation) at each site. 
These loggers are accurate to 0.21°C between 0°C and 50°C, and capable of measuring 
temperatures of between -40°C to 70°C. The expected temperature range for the Chun T’Oh 
Wudujut region is well within these capabilities, though it was possible that some nights towards 
the end of the summer could drop below 0°C. The data loggers were installed between the 6th and 
8th of July, 2015, and recorded temperature and relative humidity hourly until the traps were 
removed between the 10th of September and the 7th of October, 2015.  In order to provide the best 
estimate of the temperature and relative humidity at each site, the two data loggers were installed 
on opposite ends of the site, one at Trap Ring 1, and one at Trap Ring 9 of the site (Figure 3). 
The data loggers were placed on the ground, to better reflect the conditions experienced by 
carabids within the sites. During each sampling event, the data from the loggers were offloaded 
to a portable shuttle, which was then downloaded to a laptop computer. 
A side by side boxplot comparison of temperature and relative humidity data from each 
site was performed in R 3.4.2. The data were separated based on trapping period and examined 
with the corresponding set of carabid catch data in order to generate an effective visualization of 
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the relationship between carabid catch rate and environmental factors. Carabid catch data were 
compared between sites for each collection event. Four groups were considered: Scaphinotus 
marginatus, Trechus chalybeus, Pterostichus spp., and “other”, including all carabids that did not 
fall into one of the first three groups.  
The relationship between carabid catch rate and maximum daily temperature was 
determined using a best-fit trendline in Microsoft Excel for Office 365. The equation for the 
trendline was compared to Saska et al.’s (2013) equation, in order to test the validity of their 
proposed correction factor for the Chun T’Oh Wudujut samples. 
Diversity Analyses 
 
All statistical analyses were performed in R 3.4.0 (R Core Team, 2018), with the 
BiodiversityR 2.9-2 package (Kindt & Coe 2005). First, I generated species accumulation curves. 
These illustrate the likelihood that every species within an area has been sampled by comparing 
trap catch data with sampling effort. If a curve appears to reach an asymptote, that indicates that 
the sampling effort was likely adequate, while if the curve continues to slope upwards it suggests 
that further sampling effort may yield additional species that were not detected by the study. 
I also used a Shannon Index to compare the species diversity between the three habitat 
types. An ANOVA was performed in the vegan package (Oksanen et al. 2019) in order to verify 
whether differences existed between those values. Significant difference between pairs of habitat 
types was calculated using a series of equations developed by Hutcheson (1970) (Magurran 
1988). 
𝐻′ =  − ∑ 𝑝𝑖 ln 𝑝𝑖 −  
𝑆 − 1
𝑁
+ 
1 − ∑ 𝑝𝑖
−1
12𝑁2
+  
∑(𝑝𝑖
−1 − 𝑝1
−2)
12𝑁3
 
𝑉𝑎𝑟 𝐻′ =  
∑ 𝑝𝑖 (ln 𝑝𝑖)
2 − (∑ 𝑝𝑖 ln 𝑝𝑖)
2
𝑁
+
𝑆 − 1
2𝑁2
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𝑡 =  
 𝐻′1 − 𝐻′2 
(𝑉𝑎𝑟 𝐻′1 + 𝑉𝑎𝑟 𝐻′2)2
 
𝑑𝑓 =  
(𝑉𝑎𝑟 𝐻′1 + 𝑉𝑎𝑟 𝐻′2)
2
(𝑉𝑎𝑟 𝐻′1)
2
𝑁1
⁄ +  
(𝑉𝑎𝑟 𝐻′2)
2
𝑁2
⁄
 
I used the same BiodiversityR 2.9-2 package to analyze the species diversity and 
evenness through rank-abundance plots, both to compare the three habitats and to compare each 
of the three sites within each habitat. Rank-abundance plots assign each species a numerical 
value based on their relative abundance within the tested area, and then compare the species 
evenness and richness visually. Curves of similar shape indicate similarities in species evenness, 
and longer curves indicate higher species richness. This cannot be used to compare species 
composition within sites, however, as it does not differentiate between species after assigning 
them a number, and each site is assigned a different set of numbers based on the relative 
abundance of species within that site. 
Finally, I performed a non-metric multidimensional scaling analysis (NMDS), in order to 
test for any additional differences between the habitat types and the individual sites. The NMDS 
compares environmental and catch data by which it sorts collection events from different sites 
and distributes them along an X and Y axis. Groups which are similar should cluster together, 
and those which are identified as different should be spatially disparate from other groups. 
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3.3 Results 
 
Habitat Summary 
 
In most of the disturbed and undisturbed old growth sites, S. marginatus made up the 
majority of the carabid catch, with the exception of some sampling periods in two of the 
undisturbed old growth sites, in which T. chalybeus outnumbered S. marginatus in the pitfall 
traps (Tables 2 & 3). Clear-cut site C1 showed a similar pattern to the old growth sites, with S. 
marginatus dominating the trap catch. The other two clear-cut sites, C2 and C3, showed much 
lower catches of S. marginatus and higher catches of both Pterostichus spp. and other species. 
Both C2 and C3 showed high activity-abundance of P. herculaneus, but C2 also had a large 
number of P. neobrunneus, while C3 had more incidences of P. adstrictus. Within the “other” 
genera, C2 showed high catches of both S. impunctatus and Amara pseudobrunnea, while C3, 
which had low catches of those two species, had a higher activity-abundance of Agonum 
gratiosum, which was not detected at all in C2. Additionally, several incidental species were 
captured in each site, but none of those appeared in both sites. Both C2 and C3 also had 
relatively low catches of S. marginatus and T. chalybeus. 
Carabid catch rates were largely similar between the other sites, except for a large 
proportion of T. chalybeus in two of the undisturbed old growth sites, U1 and U2. Site U1 
showed the only noteworthy catch of any “other” species, exhibiting a high detection rate of L. 
decempunctata, which occurred incidentally in some disturbed old growth sites.  
Diversity Analyses 
 
Species accumulation curves (Figures 9 & 10) reached an asymptote in the undisturbed 
old growth habitat, while the disturbed old growth habitat approached an asymptote, and the 
clear-cut habitat appeared to increase almost linearly, showing no signs of approaching an  
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Figure 9. Species accumulation curves illustrating the number of Carabidae species caught in 
pitfall traps with increasing sampling effort in Chun T’Oh Wudujut Park, BC, in undisturbed 
sites (U), disturbed sites near the park boardwalks (D), and clear-cut sites (C), summer 2015. 
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Figure 10. Species accumulation curves illustrating the number of Carabidae species caught in 
pitfall traps with increasing sampling effort at three clear-cut sites (C1, C2, and C3) near 
Chun T’Oh Wudujut Park, BC, summer 2015. 
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asymptote.  A closer examination of the clear-cut sites (Figure 10) showed that site C1 did 
achieve an asymptote, but sites C2 and C3 did not, although site C2 appeared to be approaching 
one. 
The Shannon Index differed significantly between the sites (ANOVA; p = 2.285x10-6; 
Figure 11). Paired t-tests (Table 4) determined that all three treatment types differed significantly 
from each other (p = 0.02 in all cases). Jaccard’s indices of similarity indicated high levels of 
similarity between the two old-growth habitats (J = 0.7), and a lower degree of similarity 
between the clear-cut habitat and either of the old growth habitats (Table 5). The clear-cut was 
marginally more similar to the undisturbed old growth (J = 0.389) than to the disturbed old 
growth (0.368) (Table 5). 
Both species richness and species evenness were highest in the clear-cut sites (Figure 12) 
and were similar between disturbed and undisturbed old growth habitats. Evenness of the three 
most abundant species in each habitat type was also similar. In the clear-cut habitat, the greatest 
degree of both species evenness and richness occurred in site C3, with lower values in site C2 
and the lowest values in C1 (Figure 13). The undisturbed old growth showed its lowest degree of 
species evenness and richness in site U2. Site U3 had a similar degree of richness, but was much 
less even, and U1 showed the greatest evenness and richness (Figure 13). Species evenness was 
very similar between all three disturbed old growth sites, with similarly shaped rank-abundance 
curves, but site D1 had the lowest richness (Figure 13). 
Non-metric multidimensional scaling (Figure 14) was used to compare each collection 
event for each individual site against each other, and showed a clustering of the majority of old 
growth habitat along with clear-cut site C1. The other two clear-cuts, C2 and C3, fell distinctly  
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Figure 11. Shannon index values with standard deviations indicated by error bars for 
Carabidae species caught in pitfall traps at Chun T’Oh Wudujut Park, BC, in undisturbed 
sites, disturbed sites near the park boardwalks, and clear-cut sites, summer 2015. 
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Figure 14. Non-metric multidimensional scaling model of numbers of Carabidae caught in 
pitfall traps in Chun T’Oh Wudujut Park, BC, at three undisturbed sites (U1-3), three 
disturbed sites near the park boardwalks (D1-3), and three clear-cut sites (C1-3), summer 
2015. Sampling events occurred at approximately two-week intervals. Clear-cut sites are 
represented by diamonds, disturbed old growth by circles, and undisturbed old growth by 
squares. The colours differentiate the site number – site 1 is coloured blue across all habitats, 
site 2 is green, and site 3 is yellow. The large black circles indicate clustering between similar 
groupings of samples. 
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outside of that grouping. Three other collection events, one for D1 and two for D2, also fell 
outside of the cluster, though not as far away as the two clear-cut sites. Despite these outliers, a 
clear trend was visible linking the old growth sites together, along with site C1, separate from the 
other clear-cuts. 
Temperature and Relative Humidity 
 
The environmental data supported the similarity between the disturbed and undisturbed 
old growth sites, and their difference from the clear-cut sites (Table 6, Figures 15, 16 & 17). The  
relative humidity and temperature data were similar between all of the old growth sites (Table 6, 
Figures 15, 16 & 17). The temperature data for site C1 was similar to these, but the relative 
humidity in that site was higher on average, with a smaller range (Table 6, Figure 17). 
Temperature and relative humidity data were variable in clear-cut sites C2 and C3, showing 
differences both from the old growth sites and from each other (Table 6, Figures 15, 16 & 17). 
The temperature and relative humidity were more variable within those two sites, though the 
mean values for temperature were, in most cases, similar between all sites (Table 6, Figure 17).  
Sites C2 and C3 both had unique trends in temperature and humidity, showing a greater 
range in both metrics throughout the summer (Table 6, Figure 17). Site C2 experienced the 
lowest average relative humidity, in mid-August, after the initially variable humidity in other 
sites in early July. During that same period, Site C2 had the highest variability in temperature 
across all sites. Site C2 was also the only site to not have its highest variability in relative 
humidity during the first sampling period, having a comparatively much more stable and higher 
relative humidity in early July. Site C2 also never achieved the same high relative humidity 
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values that were seen in other sites.  Site C3, by contrast, did have a highly variable relative 
humidity in early July, but it also demonstrated a similarly variable relative humidity from mid-
August to early September that was not observed in any other site (Table 6, Figure 17). Both 
sites C2 and C3 experienced temperatures below freezing and were the only two sites to do so, 
despite the final sampling period in C3 ending earlier in September than most other sites (Table 
6, Figure 17).  
All of the old growth sites, both disturbed and undisturbed, had a higher variability in 
temperature and relative humidity during the first sampling period, in early July. This also 
coincided with lower carabid catch rates in most sites during that period, as compared to catch 
rates in the same sites later in the summer (Table 6, Figures 15 & 16).  
The comparison of carabid catch per day and average maximum temperature (Saska et al. 
2013) yielded a graph demonstrating a positive trendline (Figure 18). The best-fit trendline for 
the relationship between carabid catch rate and maximum daily temperature was y = 0.3928x + 
0.0863. However, the R2 value was small and negative, suggesting that the linear model is not 
descriptive of this relationship. 
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3.4 Discussion 
 
Habitat Effects on Carabid Catches 
 
The old growth sites showed a much lower degree of biodiversity, as would be expected 
in an ecosystem that is long-established (Figure 12). It is likely that dominant species such as S. 
marginatus have had sufficient time in most of these habitats to outcompete many carabid 
species that would otherwise be present. Most old growth samples were dominated by S. 
marginatus, followed by T. chalybeus (Figures 15 & 16). There were fewer Pterostichus spp. in 
old growth sites, though all Pterostichus spp. detected in the survey were caught in the old 
growth sites. With one exception, Loricera decempunctata, very few other species were detected 
in the old growth sites. The consistency of these results suggests a broad similarity between old 
growth sites, whether disturbed or undisturbed, in the Chun T’Oh Wudujut, which could be a 
result of the consistent climate or vegetation community structure of that habitat. 
The disturbed old growth sites detected more rare carabids (only one species more in 
total) than the undisturbed forest, possibly as a result of the additional human traffic within the 
disturbed sites (Figure 12). The Chun T’Oh Wudujut is a tourist destination with a great deal of 
traffic, and it is not unlikely that some of those visitors brought invasive species with them, 
either in a vehicle or on gear where carabids could easily pass undetected. The rarity of such 
species indicates that such introductions, when they have occurred, have been largely 
unsuccessful, and the new species are so far unable to thrive within the established ecosystem of 
the Chun T’Oh Wudujut, although they have either persisted or the sites have been subjected to 
repeated introduction events. Some may also be examples of rare species that exist at a low level 
of abundance in the Chun T’Oh Wudujut. 
While largely the same species were present in both the disturbed and undisturbed old 
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growth sites, the frequencies with which those species appeared did vary (Tables 2 & 3, Figures 
15 & 16). The large predator S. marginatus appeared more frequently in the disturbed sites than 
in the undisturbed, while the much smaller T. chalybeus demonstrated an inverse pattern, being 
detected more frequently within the undisturbed forest. This discrepancy between the disturbed 
and undisturbed old growth likely indicates an effect of the human disturbances caused by the 
construction and presence of the walking trails on the ecology of the Chun T’Oh Wudujut. It is 
possible that the smaller T. chalybeus is less able to deal with soil compaction in disturbed sites, 
or possibly its prey species are discriminated against by the disturbance, impairing the ability of 
T. chalybeus to thrive in that system. 
The distribution of P. herculaneus also followed this trend in the coastal ecosystem. 
While it was present in the Chun T’Oh Wudujut in relatively strong numbers (Tables 2 & 3), and 
was the dominant Pterostichus species in the open clear-cut sites, it either could not compete 
with S. marginatus and T. chalybeus within the more covered old growth sites, or faced 
conditions less suitable for its ecology. In a similar study on the Sunshine Coast (Henderson 
2010), P. herculaneus demonstrated dominance in all site types, though it was again more 
common in the more open habitats. It is possible that this dominance is made possible by the 
absence of more successful old growth species such as S. marginatus and T. chalybeus. Two 
other species showing a high degree of success within the coastal ecosystem, Pterostichus 
algidus and Scaphinotus angusticollis, were not present in the Chun T’Oh Wudujut. 
T. chalybeus also appeared much less frequently within the clear-cut sites than in either 
disturbed or undisturbed old growth sites, suggesting that, similarly to S. marginatus, the habitat 
conditions found in those sites may not be ideal for it (Tables 2 & 3, Figure 17). Also similarly to 
S. marginatus, it was detected at its highest rate in C1 out of the three clear-cut sites, suggesting 
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that C1 is in the process of re-establishing the carabid species composition found in the old 
growth habitat (Figure 17).  
One of the undisturbed old growth sites, U3, showed a carabid species distribution that 
was in many ways more similar to the disturbed old growth sites than to the other undisturbed 
sites (Figures 15 & 16). This site featured much lower rates of T. chalybeus, which was dominant 
in the other two undisturbed sites, and was instead dominated by S. marginatus, much like the 
disturbed old growth sites. Site U3 also showed a greater number of P. herculaneus, uncommon 
in the other undisturbed sites. Additionally, it was in this site that the greatest number and 
proportion of invasive P. melanarius samples were detected (Tables 2 & 3).  
Another common species, P. neobrunneus, was most often caught within disturbed old 
growth and clear-cut sites instead of the undisturbed old growth, further suggesting an ecological 
difference between the sites (Tables 2 & 3). In contrast, P. riparius was detected more frequently 
in undisturbed old growth sites than in the clear-cut or disturbed old growth sites (Tables 2 & 3). 
It is possible that this indicates an effect of the human disturbance of the hiking trails on the 
distribution of these species. 
Analysis  
 
The species accumulation curves reflected the high level of biodiversity within the clear-
cut habitat (Figure 9). The curve showed an asymptote for the undisturbed old growth sites, 
suggesting that the sampling effort in those sites was sufficient and likely detected all species 
common within that habitat. The disturbed old growth sites did not reach an asymptote, but 
began to approach one, suggesting that increased sampling effort in this area could yield 
additional species, but it is likely that the majority of common species have been detected. This 
could explain the variation in species richness within the disturbed old growth habitat. Increased 
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sampling within these sites could have resulted in a more comparable species richness; the rarer 
species observed in sites D2 and D3 could have been present in D1 as well, but were not 
detected. The clear-cut habitat showed no sign of approaching an asymptote, appearing to follow 
an almost linear increase that suggested increased sampling will yield an increased number of 
species at a consistent and high rate. This was also likely a result of the much higher biodiversity 
found within the clear-cut habitat, as the several species found at a low level of abundance 
suggest that there were additional species with a similarly low level of abundance that I did not 
detect. A higher level of sampling in clear-cut or otherwise heavily disturbed sites may be 
required in future surveys if their goal is to thoroughly assess the biodiversity of the area, 
although this may not be necessary if the survey’s purpose is bioindication.  
Within the clear-cut area, the species accumulation curves showed a plateau in site C1, 
reflecting its similarity to old growth sites, and the beginning of a plateau in C2 (Figure 10). Site 
C3 did not show any indication of beginning to plateau, suggesting that much more sampling 
would be required in this site to fully document species diversity. This was likely a result of the 
numerous incidental species that were detected once each in that site, possibly reflective of 
multiple introduction events or unique environmental conditions resulting from site disturbance.  
The Shannon index showed the highest level of diversity in the clear-cut sites, followed 
by the undisturbed old growth, with the disturbed old growth having the lowest levels of 
diversity (Figure 11). Each habitat was significantly different from the others in a series of 
pairwise comparisons (Table 4). Overall, the old growth habitats both showed similarly low 
levels of both species richness and evenness, a probable result of the strong dominance that 
species such as S. marginatus and T. chalybeus showed within those habitats.  
The rank-abundance curve for undisturbed old growth habitat showed a more consistent  
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pattern than that of the clear-cut sites (Figure 13). Site U2 showed the lowest degree of species 
evenness and richness, though it only contained one species fewer than site U3. The rank-
abundance curve for site U2 was much sharper than the other two, and could be a result of a high 
level of dominance of S. marginatus and T. chalybeus, and comparatively low frequencies of the 
three other species at the site, two of which were only detected once each. Site U1 showed a 
similar species evenness to U3, despite demonstrating a higher species richness. 
The rank-abundance curves within the disturbed old growth are the most consistent, 
showing similar species evenness across all sites despite some differences in species richness 
(Figure 13). Site D1 featured the lowest species richness, which appeared to be a result of several 
rare species within the other two sites not being detected within site D1. These findings were 
reinforced by a previous study (Niemelä et al. 1993), which also detected a higher level of 
species evenness in clear-cut sites than in old growth sites, noting a pattern of increased 
dominance by fewer species within the old growth habitat.  
In the nonmetric multidimensional analysis (Figure 14), three of the collection events 
within the old growth sites show a divergence from the cluster. Two collection events from D2, 
and one from D1 were located slightly outside of the cluster, although closer to it than any of the 
collection events from C2 and C3. Two of these collection events were the first in those sites for 
the summer, and one was the last. Carabid activity-abundance may have peaked in those sites 
during the sampling period, and showed a reduction on either end of the peak season, resulting in 
a difference in biodiversity levels. The rest of the collection events within those sites fell within 
the large cluster, indicating that during the majority of the summer, the biodiversity within those 
sites was similar to all other sites.  
For the clear-cut habitat type, the rank-abundance curves (Figure 12) supported the 
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evidence of the Shannon index that these severely disturbed sites have the highest level of 
biodiversity and the highest level of species evenness, although there were several large jumps 
that demonstrate a disparity in the level of evenness between certain groups of species. The 
higher level of species evenness may have been a result of the additional species detected in the 
clear-cut habitat in similarly low numbers. The graph showed an almost indistinguishable level 
of evenness between seven species, those that were only detected once or twice during the 
survey. Several of the more frequently detected species also showed a high level of evenness at 
higher levels of abundance, a characteristic that was not apparent in the two old growth habitats. 
Within the clear-cut sites, the rank-abundance curves showed a much higher degree of 
both species evenness and richness within sites C2 and C3 (Figure 13). These two sites were 
harvested four years more recently than site C1, and have had less time to regrow. In particular, 
there was less observed cover within these sites, which may have affected the species activity-
abundance. S. marginatus, either dominant or frequent in all other sites, was notably scarce 
within C2 and C3, and its absence may have allowed for increased success in other species that 
may compete more equally, resulting in a greater level of species evenness. Several of the rare 
species collected within those sites were also only detected once each, contributing to a higher 
level of evenness for those less frequent species. The increased level of observed cover in site C1 
could have caused the distribution of the carabid assemblage in that site to more closely resemble 
the old growth sites. 
The non-metric multidimensional scaling analysis (Figure 14) again supported my 
hypothesis that the biodiversity within the clear-cuts was different from the rest of the sites, but, 
similarly to the rank-abundance analysis, identified C2 and C3 as being different, while C1 was 
clustered along with the majority of the old growth sites. The collection events for C2 and C3 did 
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not cluster within themselves either, with most of those events being scattered across the graph, 
showing a wide range in biodiversity values for each collection event within those sites. This 
difference could be a result of the lower level of regrowth that had time to occur within those two 
sites, which were harvested more recently than C1. C1 was largely covered by a thick layer of 
devil’s club (Oplopanax horridus), which may have provided the shade required by many of the 
carabid species inhabiting the Chun T’Oh Wudujut, and allowed for recolonization following the 
disturbance event.  
Environmental Factors 
 
Temperature and relative humidity were similar in both types of old growth sites when 
compared to the clear-cut sites (Table 6, Figures 15, 16 & 17). The temperatures within the old-
growth sites showed a much more limited range than those recorded within the clear-cuts and, 
while the data loggers in the old growth sites never reported temperatures below freezing, such 
temperatures were observed in two of the three clear-cut sites (Table 6). While each site reported 
maximum relative humidity of 100%, the relative humidity values in the clear-cut sites dropped 
far lower than those within the old-growth sites, and did so with greater frequency (Table 6). 
Observational data supported these results, as all of the old growth sites were heavily 
canopied, with the same dominant trees species, though the undergrowth differed between, and 
within, sites. The canopy likely resulted in a standardized climate among those sites, as it would 
have both limited the amount of sunlight able to penetrate into the site and obstructed wind 
through the site. The clear-cut site that did not report a value below freezing, C1, was less open 
than the other two clear-cuts, with a higher degree of observed regrowth to provide that 
protection from the wind and sun. 
There were minor variations in the temperature and relative humidity data collected from  
99 | P a g e  
 
different old growth sites, but they largely remained in a very similar range, and it is likely that 
the differences are simply a result of variable microclimates. While care was taken to maintain 
consistency in the placement of data loggers, some were inevitably subjected to differing degrees 
of exposure, as necessitated by field conditions. The two data loggers placed on opposite ends of 
each old growth site each reported an average temperature within ±5˚C of their twin, indicating a 
level of consistency in the temperatures within those sites. In site D2, the two data loggers 
reported very different average relative humidity values, with a difference of over 5%. This could 
have been a consequence of inconsistent microclimates resultant of the nearby walking trail. The 
data logger that reported the lower average relative humidity value was located very close to the 
walking trail, and would have been exposed to higher levels of wind and sun, as the canopy 
above and near the walking trail had been cleared. The other data logger in site D2 reported a 
mean relative humidity within 5% of every other data logger inside the old growth forest, 
indicating that the measurement next to the trail was likely an anomaly. With that single 
exception, both the temperature and relative humidity were consistent between all of the old 
growth sites. 
The clear-cut sites showed a much higher degree of variability. Site C1, with a higher 
degree of regrowth, was more similar to the old growth sites than the other two clear-cuts were. 
It reported lower maximum temperatures, higher minimum temperatures, and less variability in 
both relative humidity and temperature than the other two clear-cut sites, though by each of these 
metrics it still differed from the old growth sites. C1 had been harvested earlier (replanted in 
2003, making it 12 years old at time of survey) than the other two clear-cut sites (replanted in 
2007, making them 8 years old during the carabid survey of 2015), and had more time to regrow, 
resulting in higher standing devil’s club and small conifers that may have provided enough shade 
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to emulate certain aspects of old growth forest from the perspective of the epigeic carabids. Site 
C1 was also brushed and grass-seeded before planting, whereas sites C2 and C3 were not, so it is 
possible that conifers in C1 would have grown more quickly as a result (iMap BC 2018). 
Site C2 was the most exposed of all sites, with wide relative humidity variations between 
its two data loggers. This could be a result of the more extreme levels of exposure that the 
loggers were subjected to, as there was little ground cover to protect them from the sun or to 
keep the humidity trapped nearby. These conditions were likely the same as those experienced by 
the carabids in much of that site. Site C2 was also located next to a hill located slightly beyond 
its southern edge, which could have affected the microclimate. These factors likely resulted in 
higher levels of evaporation and solar radiation, making site C2 the driest of all sampled sites. 
Site C3 also had unusual climate data, and while it was not as exposed as C2, it was 
relatively unprotected from the elements. On average, it showed higher temperatures and lower 
relative humidity values than any other site, with the single exception of C2. The ground cover 
differed between the two sites: while C2 had scattered shrubs, C3 showed early stages of conifer 
regrowth that may have helped to trap humidity and allow for ground shade. Site C3 also 
experienced a flooding event during the data collection period and, while it was not observed to 
have reached either of the data loggers in the site, it is impossible to rule out an effect on the 
readings. 
C3 also had a very variable relative humidity from mid-August to early September, as 
compared with other sites (Figure 17). This could be the result of the flooding or of the unique 
microclimate created by the floral structure in C3. It is worth noting that site C2 had the next 
most variable relative humidity during that period, and that C3 had the third most variable during 
the same period. It is possible that whatever factor influenced this anomaly was present in all 
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three clear-cuts, suggesting that it may be a product of the clear-cuts themselves. Clear-cuts may 
be less able to trap moisture in the air after temperatures decline, and temperatures appear to 
decline more quickly in clear-cuts. 
It has been established that increases in temperature have an effect on the eggs of the 
carabid Notiophilus biguttatus (F.), when tested in laboratory conditions. (Ernsting & Isaacs 
2000). Specifically, higher temperature is correlated with an increase in fecundity, resulting in 
more eggs being produced, but lower temperature is correlated with increased egg size, so at a 
higher temperature more eggs are produced, but of a smaller size. Though this species of carabid 
was not detected in the Chun T’Oh Wudujut (Chapter 2), it is possible the same relationship 
exists between fecundity and temperature for other carabid species, and so additional species and 
abundance levels may be observed in warmer periods. 
Temperature has also been demonstrated to have an effect on the predation of slugs by 
various species of carabid (Ayre 2001). Both Pterostichus madidus (Fabricus) and Harpalus 
rufipes (Degeer) increased their levels of predation on Deroceras reticulatum (Muller) slugs as 
temperature increased. Another species, Nebria brevicollis (Fabricus), showed a peak in slug 
predation at specific temperatures, differing based on the developmental stage of the beetle. Ayre 
(2001) concluded that the predation level of these carabids is likely a reflection of the periods 
and conditions during which they would be most active in the wild.  
A similar relationship was detected between temperature and dandelion (Taraxacum 
officinale) seed consumption by Pseudoophonus rufipes (DeGeer) and Harpalus affinis 
(Schrank), with higher levels of predation at higher temperatures, although the relationship 
ceased at temperatures greater than 20˚C (Saska et al. 2010). Another study measured carabid 
activity-abundance at various temperatures in an agricultural area (Honek 1997). Higher 
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temperatures were again found to significantly correlate with higher levels of carabid activity-
abundance, with more carabids caught at higher temperatures (Honek 1997). These studies all 
reinforce the idea that carabid activity-abundance is positively related to temperature, at least up 
to a certain point. This stands as a likely explanation for the low carabid catch in Lee’s (2013) 
preliminary survey, as the lower temperatures resultant of the frequent precipitation during that 
summer likely reduced carabid-activity-abundance. 
Integration 
 
Before beginning this survey, it was unclear if there was a notable ecological effect of the 
publicly accessed area on the surrounding forest, but examination of the carabid catch data 
indicates that such an effect likely does exist. As the two areas have been demonstrated to feature 
different dominant species is likely that some aspect of the hiking trails present within the 
disturbed old growth is responsible, although it is still unclear what the precise cause of the 
difference is, or if there are several interacting causes. It is also unclear how severe the effect is 
on the ecology of the forest, and if the effect extends beyond the relative frequencies of different 
species within the Carabidae. 
Within the old growth habitat, undisturbed sites U1 and U2 stand out as anomalies 
(Figure 15). Though their environmental data was largely similar to that found within other old 
growth sites, T. chalybeus was detected in greater numbers than S. marginatus during many of 
the sampling periods within these two sites. There are numerous possible explanations for this, 
the most obvious being that the disturbance regimes of the old growth sites were more 
favourable to S. marginatus, reducing the relative abundance of T. chalybeus within those sites. 
However, site U3 does not show the same pattern as sites U1 and U2, suggesting that whatever 
disturbance affected the carabid assemblages within the disturbed old growth also affected site 
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U3. Of the three undisturbed old growth sites, U3 was most distant from the disturbed old growth 
sites, while U1 was located a few hundred metres into the forest on the other side of the highway 
(Figure 1), making it unlikely that site U3 shares a disturbance regime with the disturbed old 
growth sites.  
It is also possible that sites U1 and U2 simply feature different ecological conditions, 
which resulted in a different carabid assemblage. Notably, both sites contained surface water, a 
small creek being present in U1 and a boggy area covering a section of U2. It is possible that this 
moister environment favoured T. chalybeus but not S. marginatus, causing the shift in dominance 
levels. The dominant tree species and canopy cover within these two sites was still consistent 
with the other old growth sites, explaining the similarity in environmental data despite the 
difference in carabid catch rates. 
Site U1 also featured a population of L. decempunctata, which was only detected in two 
of the disturbed old growth sites, and only incidentally (Tables 2 & 3, Figure 15). This 
population could be the result of a random colonization event, and possible favourable ecological 
conditions within U1, and the small number of L. decempunctata that were detected within the 
disturbed old growth may simply be failed colonists from the nearby source metapopulation of 
U1.  
Among the clear-cut sites, site C1 differed from sites C2 and C3, showing greater 
similarity to the old growth sites in several regards. It is likely that this is a result of the increased 
time since harvest and subsequent regrowth within this site, particularly by the devil’s club 
shrub, which provided shade and cover at ground level.  
Devil’s club often propagates via clones, and clonal fragments have been observed to 
persist in a site after clear-cutting (Lantz & Antos 2002). If ecological conditions in a site are 
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favourable, the clones can then grow into new plants, providing a high level of shade for ground-
dwelling organisms such as carabids. Devil’s club has been described as growing rapidly (Lantz 
& Antos 2002), and is the most successful in intermediate light conditions, though it can adapt to 
both high and low levels of light (Lantz & Antos 2002). This adaptation could have been a 
contributing factor in the similar biodiversity between site C1, which had a high devil’s club 
population shading the ground, and the old growth sites, in which the canopy effectively shaded 
the ground, often in addition to devil’s club. Site C1 was brushed before planting, meaning the 
devil’s club was cut back to allow for tree growth, and as devil’s club is clonal, it creates 
multiple shoots when cut back. Possibly as a result of this, site C1 contained a much greater 
devil’s club understory than sites C2 and C3. 
The increased cover present in C1 likely was a significant factor in the different carabid 
diversity at that site, and this may be a result of interspecific competition between carabids and 
ants. At a high elevation clear-cut site near Smither, BC, in the ESSF biogeoclimatic zone, 
Lemieux (1998) found that old-growth species dominated at the open sites. Scaphinotus 
marginatus, which was observed to be an old-growth specialist in this survey (Table 3) appeared 
to be a generalist at higher elevations, along with the related Scaphinotus angusticollis. There are 
many possible reasons for this, but one that may relate to the trends observed in the Chun T’Oh 
Wudujut is the presence or absence of ants, which can both compete with carabids for food and 
prey on carabids directly. Clear-cuts are known to be beneficial to ants (Higgins 2010), and it is 
possible that an increase in ant populations is a contributing factor to the different carabid 
assemblages seen in the clear-cut sites. 
Many of the species caught in clear-cut sites may be disturbance specialists, able to 
quickly move into and colonize areas after patch-initiating events such as clear-cuts or fires. A 
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future survey on recently burned or clear-cut sites could identify species following this pattern. 
Many of the species did follow distributions that would be expected of disturbance specialists, 
appearing in much greater numbers in the more recently disturbed sites C3 and C2, decreasing in 
number in site C1, which showed some regrowth, and being rare or absent in old growth sites 
(Figures 15, 16 & 17). It is also possible that these colonization events were facilitated by the 
equipment used to harvest the sites. 
Several studies (Cobb et al. 2007, Koivula & Niemelä 2002, Heliölӓ et al. 2001) found 
that P. adstrictus, most common within clear-cut site C3, responded positively to disturbance 
habitats, suggesting that it may be a disturbance specialist. Conversely, one study found P. 
adstrictus to occur less frequently in more freshly harvested sites (Spence et al. 1996). Within 
my sites, P. adstrictus did follow the pattern of a disturbance specialist, appearing in high 
numbers in site C3, less frequently in site C2, and even less frequently in the more-regrown site 
C1, and then only appearing once or twice per site in the old growth habitat, when it appeared at 
all. Even within the old growth sites, P. adstrictus appeared more often in the disturbed old 
growth, being detected only once in the undisturbed old growth, though it was detected at a low 
enough frequency overall that it may not be possible to draw any conclusions from that data. 
Site C3 also contained several incidental species, each of which appeared only once 
within the study. D. cognatus, Amara erratica, H. nigritarsus, P. fossifrons, and C. ingratus all 
appeared once each within C3 (Table 2). Additionally, H. somnulentus was detected four times in 
C3 and in no other sites, and C. cribricollis was detected twice within C2 and once in disturbed 
old growth site D2. It is worth noting, however, that despite the increased species richness seen 
within clear-cut sites C2 and C3, the number of carabids caught within those two sites was 
markedly lower than in any of the other sites, the closest of which featured double the number of 
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carabids caught within either of these sites. This suggests that, while the environmental and 
ecological conditions of the recently disturbed sites C2 and C3 may be acceptable to a high 
number of carabid species, it may not be favourable for any one particular species. 
Also notable about clear-cut sites C2 and C3 were the low detection rates of the large S. 
marginatus species, which dominated the trap catch in most other sites (Tables 2 & 3, Figure 17). 
If S. marginatus is able to competitively exclude smaller species from old growth areas, but is 
unable to thrive in the ecological conditions of clear-cuts, it could help to explain both the much 
higher biodiversity within the clear-cut sites and the lower detection rates of S. marginatus.  
A study on the disturbance effects of wildfires (Cobb et al. 2007) reinforces this result. 
When measuring the effect of various disturbances on carabids, including forest fires, harvest, 
and pesticides, they noted that S. marginatus showed strongly reduced catches in response to all 
disturbance types. Their findings support my result that S. marginatus was not common in clear-
cut sites and may not be able to thrive in such conditions. Spence et al. (1996) also observed a 
much lower frequency of S. marginatus in clear-cut sites within the lodgepole pine (Pinus 
contorta Douglas var. latifola Engelm.) forests in Hinton, Alberta, but conversely also detected a 
high abundance of S. marginatus in clear-cut areas in a mixedwood forest near Lac La Biche. 
This could be a result of different ecological characteristics within the mixedwood forest, which 
is dominated by boreal aspen (Populus tremuloides Michaux.), that do not allow S. marginatus to 
achieve a similar level of dominance as it does within coniferous forests. 
Carabid response to the environmental disturbance caused by clear-cutting has been 
studied extensively in the past. One study (Abildsnes & Tømmerås 2000) measured carabid 
assemblages in boreal spruce forests in Norway before and after clear-cutting, but sampled only 
in the area between the clear-cuts, not within the clear-cuts themselves. They detected several 
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responses of carabid activity-abundance to the disturbance, with several species responding 
negatively to the presence of nearby clear-cuts and some responding positively. This indicates 
that the effects of clear-cutting on carabid diversity may extend well beyond the boundaries of 
the harvested area.  
Another study examined carabid responses to clear-cutting in lodgepole pine-white 
spruce forests of Western Canada (Niemelä et al. 1993). They were able to separate the carabids 
they detected into three groups, each of which showed a different response to clear-cut harvest. 
Generalist species were unaffected by the harvest, while open-area specialists were more 
abundant after clear-cutting, and mature forest species were less abundant following the 
disturbance. Reinforcing the data collected in my survey, a much higher level of species 
biodiversity was detected within the clear-cut sites. 
A similar relationship between carabid biodiversity and clear-cutting was detected in 
Norway spruce (Picea abies (Karst.)) forests in southcentral Finland (Heliölӓ et al. 2001). 
Sampling both old growth and clear-cuts as well as forest edge, they observed carabid 
assemblages within edge areas to be more similar to those found within old growth areas than 
those found within clear-cuts. No species that preferred edge habitats was detected, and the 
overall species richness was highest within the clear-cuts and lowest within the old growth, as 
some old growth species appeared within the clear-cuts, but very few open area specialists were 
detected within the old growth habitat. The biodiversity of the edge habitat fell in between the 
other two, with largely similar species composition to the old growth in addition to increased 
appearances of clear-cut species, likely as a result of proximity to those sites. No edge effect was 
detected, as the old growth species composition was observed right up to the forest edge. 
Koivula & Niemelä (2002) examined carabid biodiversity within clear-cut areas two 
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years after harvest, and detected many of the same species within clear-cuts as were seen within 
old-growth forests. As clear-cuts are generally expected to have a higher level of species 
richness, two possible causes for this phenomenon were proposed. It was suggested that carabid 
species could have migrated from old growth areas into the clear-cuts, or that the species seen 
may be representatives of a population that existed before the clear-cut event occurred, in which 
case that population is likely at risk of imminent extirpation (Koivula & Niemelä 2002). As many 
carabids can live for two to three years (Van Dijk 1996), it is possible that these species may 
persist in clear-cut areas for a variable number of years after the harvesting event. This survey 
supports the hypothetical lack of edge specialists among the carabid family (Koivula & Niemelä 
2002), as none were detected. 
A study of the lodgepole pine forests in Hinton, Alberta, Canada (Spence et al. 1996) 
discovered similar levels of species richness between old growth and regenerating stands of 
between 9 and 27 years post-clear-cut harvest, but much higher species abundance in the old 
growth. Edge effects were present in this survey, but varied among the different species of 
carabid. The same study also examined a boreal mixedwood forest near Lac La Biche in 
northeastern Alberta (Spence et al. 1996), and discovered a higher species richness in the more 
recently clear-cut stands, supporting the conclusion that species richness is generally higher in a 
more open habitat. They attributed some of the biodiversity seen in the regenerating clear-cut 
stands to recolonization by old growth specialist species. 
Given the degree of disturbance that accompanies clear-cutting, it is possible that some of 
the species seen within those sites in my study may not be native to the Chun T’Oh Wudujut 
area. Invasive beetles could have been brought in on equipment used to perform the clear-cut, or 
during the post-harvest cleanup. Many of these beetles have not been recorded before in this 
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area, and may have been introduced during the logging process or subsequent reclamation, 
although it is difficult to speculate as previous sampling efforts in the area were not entirely 
successful. It is possible that any of these species could become more established in the area in 
the future, although more likely that they would be unable to compete in an environment more 
suited to local fauna, particularly after successional regrowth changes the ecology of the area. 
These data suggest that, while we can detect differences in biodiversity between different 
habitats, variation between different sites of the same habitat can have a pronounced effect on the 
data, and can make it difficult to identify whether an anomaly is the result of different levels of 
disturbance, or simply a phenomenon of one unique site. As with any research project, and as is 
suggested by the species accumulation curves, an increase in sampling effort may help to 
mitigate such problems so that the resultant data is both easier to interpret and to use effectively. 
The most compelling methods of increasing sampling effort would likely be to increase the 
number of trap rings in each site as well as to increase the number of sites, but logistical 
constraints may make such an effort impractical. The trap rings could also be dispensed with in 
favour of more individually spread-out traps, increasing the catch area with the risk of decreasing 
the success of individual traps. 
Overall, the climate and catch rate data support similarity between the old growth sites 
and clear-cut site C1, while isolating clear-cuts C2 and C3 as being different. This demonstrates 
that environmental conditions and carabid assemblages are related and are fairly consistent 
throughout old growth in the Chun T’Oh Wudujut. The disturbance events of clear-cuts change 
that, and consequently feature both different microclimates and different carabid assemblages.  
Saska et al. (2013), found a mean rate of increase in catch of 0.0863 ± 0.0058 for each 
1˚C increase in maximum temperature. Analysis of the relationship between carabid catch per 
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day and average maximum temperature (Figure 18) using the methodology described by Saska et 
al. (2013) demonstrated a similar trendline to theirs (y = 0.1487x + 0.0235), suggesting that the 
relationship they hypothesized could be applied to the Chun T’Oh Wudujut. This supports the 
idea of a predictable relationship between carabid catch rate and maximum temperature. The 
previous work was largely done in Europe, with some surveys from the USA (Saska et al. 2013), 
and the similar results seen in western BC would reinforce the validity of this relationship. 
However, the low, negative R2 value (Figure 18) suggests that a linear model is not descriptive of 
this relationship. Further work would be required, over a wider range of daily maximum 
temperatures, in order to determine if Saska et al.’s (2013) correction factor is applicable to other 
geographic regions and habitat types. 
Figure 18 also suggests that there may be a minimum temperature at which carabids are 
active, or that the traps are able to function. Carabid catch rate declines at lower maximum 
temperatures. This is supported by field observations, as few carabids were observed in the traps 
in the early fall, suggesting that once temperatures decline the activity-abundance of carabids 
declines as well. However, no traps were collected past the middle of October, so this 
relationship cannot be explained confidently with the available dataset. 
Bioindicators 
 
Based on the data collected from different habitat types within the Chun T’Oh Wudujut, 
several species appear to be suitable as bioindicators for this region.  
One effective indicator for ecosystem health could be P. riparius, as it showed a strong 
presence within undisturbed old growth areas, but was much less common in any other site. It is 
still unclear how the species would respond to other disturbance events, such as the introduction 
of a pipeline or a forest fire, but it is clear from the data that the species is less common in areas 
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that have been subjected to significant human disturbances. P. riparius is relatively easy to 
identify within the region. The species did appear in disturbed areas, though in greatly reduced 
numbers, and so must be used with caution as a bioindicator, as presence or absence alone does 
not necessarily indicate ecosystem health. 
For a more thorough comparison, the relative abundance of P. riparius could be 
compared against that of P. herculaneus, which is another easily identified species. P. 
herculaneus showed the inverse of P. riparius’ distribution in most, but not all, sites. A 
comparison of the abundance of the two species across multiple sites could be a useful 
bioindicative tool. If P. herculaneus outnumbers P. riparius to a significant degree in a site, it 
could indicate an ecological disturbance has occurred within that site. However, as some sites 
were detected in which the relative frequencies of the two species were similar, this approach 
should be used in conjunction with other bioindicative surveys in order to achieve more accurate 
results. 
Trechus chalybeus is another promising bioindicator within the carabid family. This 
species also was detected more frequently in undisturbed old growth sites to a large degree, 
although it was also common in other site types, again in reduced numbers. As the species 
appeared frequently in all site types, a large survey would need to be conducted in order to 
compare the relative frequencies of T. chalybeus across different sites. In both the undisturbed 
old growth sites U1 and U2, T. chalybeus comprised over 40% of the biodiversity. In site U3, T. 
chalybeus was much less common, but, as discussed earlier, that site is an anomaly and could be 
indicative of a disturbance event. If sites U1 and U2 are representative of typical undisturbed, 
healthy, old growth sites, a high frequency of T. chalybeus could be an effective and easy 
indicator of ecosystem health. T. chalybeus is easily identified, much smaller than any of the 
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other carabids present within the area, and is the only species of its genus that has been detected 
within the Chun T’Oh Wudujut. 
A high-effort intensive survey of different sites could also yield some bioindicative 
information, as the clear-cut sites showed a much higher rate of biodiversity, although often the 
additional species were found in very low numbers. Some species did appear consistently within 
clear-cuts, such as P. adstrictus, S. impunctatus, Amara pseudobrunnea, and Agonum gratiosum, 
although in most cases it was unclear if their distribution reflected a higher-activity abundance in 
clear-cuts or simply in specific sites, possibly as a result of a localized introduction event. Other 
studies (Cobb et al. 2007, Koivula & Niemelä 2002, Heliölӓ et al. 2001) also found that P. 
adstrictus was more common in disturbed habitats, so it may be a disturbance specialist. 
Conversely, one study found P. adstrictus to occur less frequently in more freshly harvested sites 
(Spence et al 1996). Additionally, none of these species have different distributions between 
disturbed and undisturbed old growth sites, for which there is more need for bioindicator species. 
However, if a large increase in species richness is detected in any site, it could be indicative of a 
severe disturbance event and would bear further investigation. Additionally, the detection of 
numerous new species for the region could be an early indicator of disturbance. 
Several species, such as S. marginatus and P. neobrunneus, appeared as though they 
could serve as bioindicators when examining the overall data, but a more detailed examination of 
their catch rates within different sites suggests that factors other than ecosystem health may 
affect their distribution. P. neobrunneus, in particular, only appeared in great numbers in two 
sites, C2 and D2, which feature vastly different ecological conditions. S. marginatus may rise to 
greater frequencies in sites with disturbances more minor than clear-cuts, as it appeared most 
often within the disturbed old growth. It also appeared in great numbers in Site U3, which 
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although it is an undisturbed site may have been subject to a disturbance event, and site C1, 
which was clear-cut but features a moderate level of regrowth. It is possible that S. marginatus is 
most active and abundant in stands with mild levels of human disturbance, but still requires some 
plant cover in order to thrive. This may also be influenced by S. marginatus’ prey, which could 
have similar habitat restrictions. Additional surveys could determine if this is the case for S. 
marginatus, and if so, it could serve as a bioindicator in the future. Unfortunately, not enough 
data is currently available to assess the species’ current suitability as a bioindicator. 
The most effective bioindicative method using carabids within the Chun T’Oh Wudujut 
would likely involve a combination of different strategies. I recommend a comparison of the 
relative frequencies of T. chalybeus, P. riparius, and P. herculaneus as a cost effective and 
accurate method to assess the health of a section of forest following a disturbance event. All 
three species are relatively easy to identify with a low level of training and can be collected in 
pitfall traps at minimal cost and effort. Such a survey would likely be possible with fewer traps 
than were used for this study, although limiting the trap number too much may result in 
unreliable data. At a minimum, five pitfall trap rings should be used in each site. 
Future Directions 
 
There are numerous directions that future studies could take that would build upon the 
data gathered from this study. While it was not possible for this project, a study of broader scope, 
encompassing more different sites, may be helpful to reduce possible site bias. The species 
accumulation curves demonstrated that the sampling effort was more than adequate in most of 
the old growth sites, indicating that a future study could spend less effort sampling in each site 
and focus on more sites. Unfortunately, the sampling effort within the clear-cuts may not have 
been adequate to detect every species, although because this is likely due to numerous low-
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frequency species, a study focusing on the specific bioindicators found within this study may be 
able to reduce sampling effort in those areas as well, enabling the sampling of a greater variety of 
clear-cuts. 
A future study could also examine the effects of different disturbances than those 
examined within my project. Other possible disturbance sources to study include forest fires, 
which are now becoming more frequent and extensive in British Columbia, causing severe 
ecological and economic impacts that have not yet been thoroughly researched, and pipeline 
construction, the ecological impacts of which are often subject to environmental assessment. 
Studies such as mine could be valuable tools in expediting these assessments. Hemlock looper 
outbreaks could also impact the forest, and climate change should always be considered when 
examining ecological disturbances, the effects of both of which could be studied over time using 
carabid catch data. 
I was only able to record environmental data for one year, which provides a baseline 
window of data, but the applicability of this would be greatly enhanced by future climate surveys 
in the area, coupled with bioindicative surveys. Combining the two data sets over time will help 
to reveal relationships between carabids and climate, as well as identify when carabid catch rates 
are skewed by abnormal weather and could enhance confidence in the results of any such survey. 
A much broader study could also serve to examine the applicability of the bioindicator 
species identified within the Chun T’Oh Wudujut in other ecosystems and climates. It is possible 
that the same species, or the same functional groups, can be used in different areas, allowing 
researchers to efficiently analyze potential environmental impacts in an ecosystem. If such a 
relationship does exist, additional research may help to reveal it. 
Finally, a re-examination of the carabid species present in the Chun T’Oh Wudujut could 
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help to identify any changes that have occurred in the intervening years, and would be especially 
helpful to assess the recovery rate of the clear-cut sites. As these data were collected shortly 
before the foundation of the provincial park and protected area, it can serve as a baseline for 
future biodiversity analyses of the area, which can both gauge the success of the protected area 
as well as identify long-term changes in the carabid assemblages in the Interior Cedar-Hemlock 
biogeoclimatic zone and possible impacts of climate change. 
3.5 Conclusion 
 
A comparison of different habitat types showed a greater level of biodiversity within the 
clear-cut sites, with the disturbed and undisturbed old growth sites being dominated by S. 
marginatus and T. chalybeus. Several species of carabid appear suitable for bioindicative surveys 
in the Chun T’Oh Wudujut, including S. marginatus, T. chalybeus, P. herculaneus, and P. 
riparius. A combination of multiple species would likely be the most effective method for such a 
survey. Within the clear-cut sites, the temperature and relative humidity were both much more 
variable than in any of the old growth sites. This was likely a direct result of canopy cover in the 
old growth habitat, and it may have a significant effect on which carabid species frequent a 
habitat. Environmental data can be used along with catch data in order to optimize a 
bioindicative survey, enhancing the success of future surveys in the Chun T’Oh Wudujut. 
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Chapter 4 – Summary & Conclusion 
 
Background & Methodology 
 
Carabid biodiversity within the Chun T’Oh Wudujut has only been lightly sampled (Lee 
2013), and as the area has recently been declared a provincial park (BC Parks 2016), a more in-
depth survey provides useful baseline data to assess the impacts of the park in the future. The 
goals of this study were (1) to document the diversity of Carabidae species within the Chun T’Oh 
Wudujut, and (2) to assess the suitability of carabids as bioindicators within the Chun T’Oh 
Wudujut by examining the impacts of habitat and environmental factors on carabid activity-
abundance.  
To accomplish these goals, modified Nordlander pitfall trap rings (Lemieux & Lindgren 
1999, McColl 2010, Higgins & Lindgren 2012) were placed throughout nine sites. Sites were 
selected based on the perceived level of disturbance: undisturbed old growth sites were located 
away from publicly accessed areas, disturbed old growth sites were selected from within the 
park’s frequently accessed area, and clear-cut sites were surveyed at nearby locations. 
Identification was performed as an iterative process. Carabids were first morphotyped by 
recognizable taxonomic unit (RTU), then subjected to a more thorough identification using a list 
of expected species in the Chun T’Oh Wudujut. Specimens of each RTU were then sent to the 
Barcode of Life Database (BOLD) for DNA barcoding, examining the cytochrome oxidase 1 
gene against other specimens in the database (Ratnasingham & Hebert 2007, BOLDSystems 
2018). After the specimens had been genetically compared to the database and to each other, any 
that did not match the tentative identification were then subjected to a more thorough 
identification using Lindroth (1966-1969) to obtain a final species identification.  
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Biodiversity & Phylogenetics 
 
In total, 3344 carabids were caught in the Chun T’Oh Wudujut, comprising nineteen 
different species. Some species were only caught in very low numbers, and several in only one of 
the three habitat types. The large species Scaphinotus marginatus dominated the overall catch 
with 2212 specimens caught, 65.35% of the total. The small species Trechus chalybeus was the 
second most numerous, with 620 specimens detected, 18.35% of the total catch. Also detected 
were several species of Pterostichus: P. herculaneus, P. riparius, P. neobrunneus, P. adstrictus, 
and P. melanarius, altogether comprising 11.64% of the total. Other species of note included 
Synuchus impunctatus, Loricera decempunctata, Amara pseudobrunnea, and Agonum gratiosum.  
A phylogenetic comparison of the carabid species in the Chun T’Oh Wudujut was 
performed via MEGA (Kumar et al. 2015), and some potential discrepancies were detected. P. 
adstrictus was placed outside of the rest of its genus, and Amara erratica was placed inside the 
Pterostichus genus, separated from Amara idahoana. However, the confidence in the associated 
bootstrap intervals was extremely low, so it is not possible to say conclusively that there are 
instances of paraphyly. The relatively small section of the CO1 gene may preclude such analysis 
in most cases, as the gene may not be long enough to be used to form phylogenetic trees. 
Some genetic variation was detected within the species P. herculaneus. Based on the 
results in this study and the BOLD database, it is possible that the P. herculaneus barcode index 
number (BIN, used as a species grouping) contains two separate but related species. Several of 
the specimens caught in the United States and identified as P. herculaneus show more genetic 
similarity to P. neobrunneus than to the other P. herculaneus group, suggesting that one of the 
two groups has been misidentified.  
Pterostichus melanarius shows several smaller differences within the species, though not 
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enough to constitute separate species. The species, which is invasive in North America (Lindroth 
1966, Larochelle & Larivière 2003), shows a wide geographical distribution, and different 
genotypes of P. melanarius appear to exist in different areas. 
Despite not showing similarity to other Pterostichus species of the Chun T’Oh Wudujut 
in the phylogenentic analysis, BOLD noted that the P. adstrictus samples found in this study 
were closely related to another BIN in the database, containing both P. adstrictus and 
Pterostichus oblongopunctatus. Examination of the data and of the known ranges of the species 
suggested that the second BIN, with samples mostly from Europe, actually represents only P. 
oblongopunctatus, the few P. adstrictus seen within that BIN being the probable result of 
misidentification. The North American BIN for P. adstrictus, which includes the samples found 
in the Chun T’Oh Wudujut, is likely the correct BIN for that species. 
Habitat & Climate 
 
In an effort to better understand the unique ecosystem of the Interior Cedar-Hemlock 
(ICH) biogeoclimatic zone within which the Chun T’Oh Wudujut is located, the carabid 
assemblages from this study were compared to studies in other forests through BC. Multiple 
studies from the nearby Sub-Boreal Spruce (SBS) (Niemelä et al. 1993, Schotzko 2012) and 
Engelmann Spruce-Subalpine Fir (ESSF) (Lemieux 1998, Lemieux & Lindgren 1999, Lemieux 
& Lindgren 2004) biogeoclimatic zones were examined, and as the Chun T’Oh Wudujut has 
several environmental similarities to coastal rainforests, studies from the Coastal Western 
Hemlock (CWH) (Henderson 2010, Kavanaugh 1992) biogeoclimatic zone were examined as 
well. 
The strongest overlap was detected between the ICH and the surrounding SBS and ESSF 
forests, which shared many of the same dominant species (S. marginatus, T. chalybeus, P. 
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herculaneus and others). Less overlap was detected between the ICH and the CWH. This 
suggests that carabids frequently disperse between nearby areas, even those with different 
environmental factors, and that the large geographical distance between the ICH and CWH 
precludes dispersal, despite strong ecological similarities between the two zones. Despite several 
similarities between the ICH and the nearby SBS and ESSF zones, a comparison of different 
studies was hampered by an inconsistency in sampling methodology and overall thoroughness. 
Regional species differences are supported by previous studies (Work et al. 2008). 
A species accumulation curve was useful in assessing the success of the sampling effort 
for this survey, and allows the biodiversity data collected in this study to be more effectively 
compared to other studies (Buddle et al. 2005). The curve indicated that the effort was likely 
close to sufficient in this study, although additional sampling might yield a few more species. An 
analysis of species accumulation curves comparing each habitat type indicated that the sampling 
effort for the old growth sites was likely sufficient, meaning that most species should have been 
detected, but the clear-cut sites could contain species that were not sampled. This is likely a 
result of the numerous species occurring at low abundance in the clear-cuts. 
Despite lower levels of carabid biodiversity, the old growth sites showed much higher 
levels of carabid activity-abundance. Most of the observed abundance in the old growth sites was 
due to two species, S. marginatus and T. chalybeus, which dominated those sites. The 
Pterostichus genus was less common overall in the old growth sites than in the clear-cuts, but 
individual species showed varying patterns. Each Pterostichus species was detected in each site 
type. 
The high levels of biodiversity seen within the clear-cuts, due to many species appearing 
in very low numbers, was supported by a Shannon analysis, rank-abundance curves, and non-
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metric multidimensional scaling analysis. There are numerous possible explanations. The 
increased human traffic into the site, along with logging and replanting equipment, may have 
transported non-indigenous species into the sites, where they have persisted since their 
introduction, although they may be extirpated over time. The Chun T’Oh Wudujut may also 
contain several disturbance specialists that successfully dispersed into the site.  
A difference in carabid biodiversity was observed between clear-cut site C1 and the other 
two sites, C2 and C3. Species accumulation curves comparing the three sites supported this, 
indicating that the sampling effort in C1 was likely sufficient, while that in the other two sites 
was not. Non-metric multidimensional scaling supported this difference, clustering site C1 along 
with the old growth sites, while the other clear-cut sites were distinctly separate from that 
grouping. C1 was harvested four years earlier than the others and was observed to have a high 
level of cover in the form of devil’s club. The additional time since disturbance and greater 
ground cover in the site may have placed it in a more advanced seral stage, and the carabid 
assemblages may be beginning to return to pre-disturbance levels. 
The effects of clear-cutting on carabid biodiversity have been extensively studied, and 
several species have demonstrated positive responses to clear-cuts, while many others respond 
negatively (Niemelä et al. 1993, Spence et al. 1996, Abildsnes & Tømmerås 2000, Heliölӓ et al. 
2001, Koivula & Niemelä 2002). There is also a demonstrated effect on carabid biodiversity in 
the areas adjacent to clear-cuts, suggesting that future studies in the Chun T’Oh Wudujut could 
benefit from sampling in those areas. There are numerous potential causes for the increased 
biodiversity in the clear-cuts, including introduced species, the presence of disturbance 
specialists, and the disappearance of dominant species. 
Between the two old growth habitats, the disturbed sites showed a higher degree of 
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biodiversity, potentially as a result of the increased human disturbance in those sites. It is 
possible that visitors to the park inadvertently transported alien species, or that the lower level of 
disturbance than the clear-cut sites showed proportionately lower changes in carabid diversity 
from the undisturbed old growth.  
Analysis of temperature and relative humidity during the study period reinforces the 
disparity between old growth and clear-cut sites. The clear-cut sites showed an overall greater 
range in both temperature and relative humidity, reflecting the more variable conditions at those 
sites. Environmental conditions within the old growth sites were more constant than in the clear-
cut sites, likely a result of the closed system created by the thick canopy cover and the multiple 
layers of shrubs and herbaceous plants covering the ground. 
The environmental data within the clear-cut sites supports the difference between C1 and 
the other two sites. C1 showed a lower degree of variability than C2 and C3, though still more 
than the old growth sites. This likely demonstrates the effect that even a low level of regrowth 
can have on the temperature at ground level within a site, as C1 was observed to have 
considerable ground cover in the form of devil’s club and other plants. 
The distribution of the different carabid species suggested their potential as bioindicators 
in the Chun T’Oh Wudujut. Notably, S. marginatus and T. chalybeus both appear at much higher 
rates in old growth forests, suggesting that the absence, or even low abundance, of these species 
would be cause for concern in a bioindicative study.  
However, a closer analysis of S. marginatus shows that, while they did appear more often 
in old growth sites, and rarely in clear-cuts, they were more common in the disturbed old growth 
sites than in the undisturbed sites. Because this study has indicated that the disturbed old growth 
sites are significantly different from their undisturbed counterparts, S. marginatus may not be the 
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ideal indicator for forest health within the Chun T’Oh Wudujut. The higher levels of S. 
marginatus within the disturbed old growth sites suggest that the species may not respond 
consistently to different types of disturbance.  
Trechus chalybeus appeared most frequently in the undisturbed old growth sites, less 
frequently in the disturbed old growth, and least often within the clear-cuts. This predictable 
pattern suggests that T. chalybeus could be an effective bioindicator of forest health within the 
Chun T’Oh Wudujut. T. chalybeus is also easy to identify, as it is considerably smaller than most 
other carabids within the study area, and it displays a reddish colouration unique among the 
carabid assemblage of the Chun T’Oh Wudujut. Because T. chalybeus is observed in its highest 
numbers in the undisturbed old growth sites, a decrease in its overall abundance relative to 
baseline data or to an undisturbed control site could be indicative of a problem in a site. 
Pterostichus riparius is another candidate for a bioindicator within the Chun T’Oh 
Wudujut. It showed a very strong presence within the undisturbed old growth, and was much less 
common in the disturbed old growth and clear-cut sites. Similarly to T. chalybeus, a reduction in 
P. riparius abundance could be indicative of a problem in the ecosystem. P. riparius is more 
difficult to identify than some of the other species within the Chun T’Oh Wudujut, which could 
impact its suitability as a bioindicator. 
Pterostichus herculaneus showed an almost inverse relationship to that of P. riparius, 
appearing more frequently in disturbed sites, although exceptions to this trend were observed. An 
analysis of both species as simultaneous bioindicators could serve as a valid strategy, and would 
suggest a problem at any site in which P. herculaneus outnumbered P. riparius in a thorough, 
well-designed survey.  
Inclusion of all three of these species; T. chalybeus, P. riparius, and P. herculaneus, 
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would likely be the most effective strategy, although care should be taken when examining the 
results, as the distribution can vary greatly depending on site-specific conditions. The presence or 
absence of any one of these species in not necessarily indicative of a problem, or of a healthy 
site, but can be used in conjunction with other data to tentatively identify sites at which a 
problem may be occurring. 
Another strategy, more time- and cost-intensive, would be to examine and compare the 
species diversity within different sites. Higher levels of diversity appear to correlate with more 
severe disturbances. Four genera, Scaphinotus, Trechus, Pterostichus, and Loricera, were 
common within the old growth sites, although Loricera only appeared in high numbers in one 
undisturbed old growth site. The detection of any other carabid genus in high numbers could 
indicate a problem with a site, although not enough sites were sampled in this study to state that 
conclusively.  
Future Directions 
 
There are several options for future surveys related to this research. Given the results of 
the species accumulation curves, a study could sample a greater number of sites using fewer 
traps in each site, with the goal of reducing uncertainty pertaining to intra-habitat variation 
between sites. As the sampling effort was demonstrated to be close to sufficient in the old growth 
sites, such a study would likely detect any common species within these sites. 
A more thorough analysis of clear-cut sites could also be useful. As the species 
accumulation curves suggested insufficient sampling effort was expended at those sites, a study 
focusing only on clear-cuts may be able to sample such sites more thoroughly, and perhaps 
examine a greater range of clear-cut sites. Clear-cut sites showing different levels of regrowth 
could be examined, and a study over a longer time period could provide great insight into the 
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recovery patterns of carabid assemblages after a severe disturbance event. A study looking at 
clear-cut sites could also benefit from examining adjacent forests. Such a study could provide 
data on how some of the species seen only in clear-cuts arrived there, and could determine the 
magnitude of the effect that a clear-cut has on the surrounding forest in the Chun T’Oh Wudujut. 
As wildfires are becoming more frequent in British Columbia as global warming trends 
continue, future studies could also explore the effect of fires on the carabid biodiversity in the 
Chun T’Oh Wudujut. A comparison of the effects of wildfire and clear-cutting could also help to 
identify disturbance specialists local to the region, which should appear in the burned sites, and 
introduced species, which should not. 
The environmental data collected during this survey provided context for the differences 
between habitats, but a survey that collected temperature and relative humidity data 
simultaneously with carabid catch data over multiple years would be able to provide much more 
information about the relationships between carabids and environmental factors. 
Finally, this study could be repeated or expanded upon to evaluate the effect of the 
provincial park status recently granted to the Chun T’Oh Wudujut. As this study was completed 
just before that status was granted, it can serve as baseline monitoring data, and future surveys 
can assess any changes that occur in the Chun T’Oh Wudujut over time. A smaller study repeated 
every decade or so could serve as a cost-effective monitoring program for the park. 
As the effects of climate change and other anthropogenic activities become more 
prevalent, studies such as this one can provide valuable information as to the natural biodiversity 
of a region. This information can be used to inform potential conservation efforts, as well as to 
assess the effects of those efforts. In a worst-case scenario, studies such as this can record 
historical ecological information before the ecosystems are permanently altered.  
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This study set out to assess the carabid biodiversity in the Chun T’Oh Wudujut and to 
identify effects of habitat and climate on that biodiversity. I was able to observe most of the 
carabid biodiversity that should be present in the forest, and several differences were identified in 
the carabid assemblages corresponding to different habitats and environmental factors. Using 
these differences, I was able to create a short list of species that could potentially be used as 
bioindicators to assess the health of the ecosystem of the Chun T’Oh Wudujut. Finally, this study 
provided valuable baseline data for the ecology of the Chun T’Oh Wudujut, recently declared a 
British Columbia provincial park. 
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Key to the Carabidae of the 
Chun T’Oh Wudujut
Ian Higgins, Lisa Poirier, & Brent Murray
University of Northern British Columbia
Introduction
This key was developed as an NRES 799-3 independent study course to 
fulfill the requirement of an M.Sc. in the NRES Biology program at 
UNBC. The key is based on carabids caught during the summer of 2015 
in the Chun T’Oh Wudujut, and only applies to that area. It is intended 
as a novice’s guide to morphologically distinguishing carabids that have 
been observed in that area, for the purpose of increasing the effectiveness 
of bioindicative surveys in the Chun T’Oh Wudujut. The characters used 
in this key may have no taxonomic basis, and are simply intended to 
provide the easiest possible features by which to distinguish the included 
species. Many of the features in this key are provided by Lindroth (1961-
1969), while others were gleaned through observation of collected 
specimens. Unless otherwise indicated, images were created by the 
authors.
• Lindroth CH. 1961-1969. The ground beetles (Carabidae, excl. Cicindelinae) of Canada and Alaska. Opuscula 
Entomologica. Supplementum 20 (1961): 1–200; 24 (1963): 201–408; 29 (1966): 409–648; 33 (1968): 649–944; 
34 (1969a): 945–1192; 35 (1969b): iii–xlviii.
*While some other beetle families do show this feature, none have been observed 
in the Chun T’Oh Wudujut.
1 – Hind Coxae
a) Hind coxae dividing hind margin of first abdominal sternite………………………..…….2
b) Hind coxae not dividing hind margin of first abdominal sternite….…..not a carabid*
a) b)
First abdominal 
sternite
Hind coxae
First abdominal 
sternite
Hind coxae
2 – Size (from 1)
a) Approximately 5mm or less……………………………………………………………………………3
b) More than 5mm……………………………………………………………………………………..…….4
3 – Colouration of Prothorax (from 2)
a) Mottled π shape on prothorax, margins lighter…………...….Dicheirotrichus cognatus
b) Prothorax a consistent reddish brown...........................................Trechus chalybeus
a) b)
Dicheirotrichus cognatus
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAV5222
Sample ID: COLNF2164-15
License: CreativeCommons – Attribution 
Non-Commercial Share-Alike
License Holder: CBG Photography Group, 
Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/COLNF/CC
DB-23051-G02%2B1422641700.jpg
Trechus chalybeus
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:ACB1694
Sample ID: INRMA1417-14
License: CreativeCommons – Attribution 
NonCommercial ShareAlike (2015)
License Holder: CBG Photography Group, 
Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/INRMA/BIOU
G09879-A10%2B1390921898.jpg
4 – Head Shape (from 2)
a) Elongated head much longer than wide…………………………..Scaphinotus marginatus
b) Head almost as wide as long, or wider…………………………………………………………….5
a) b)
Scaphinotus marginatus
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAP7848
Sample ID: BMAPH041-15
License: CreativeCommons – Attribution 
NonCommercial ShareAlike (2015)
License Holder: CBG Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/BMAP
H/PF14-36-01%2B1447723800.jpg
5 – Pubescence (hair) (from 4)
a) Faint pubescence distinctly covering upper surface of body……Cymindis cribricollis
b) Pubescence variable, but not as in a)……………………………………………………………….6
a) b)
Cymindis cribricollis
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAF7755
Sample ID: CNCCB1336-11
License: CreativeCommons – Attribution 
Non-Commercial Share-Alike
License Holder: CNC/BIO Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/CNCCB
/CNC_COLEO_00119514%2B1308231
940.JPG
6 – Striae (from 5)
a) 11 or more stippled striae on elytra. “Muttonchops” (long hairs) on underside of 
head...........................................................................................Loricera decempunctata
b) 8 or fewer striae on elytra, more or less straight, no long hairs on underside of 
head………………………………………………………………………………………………………………..7
a) b)
“Muttonchops”
No “Muttonchops”
Loricera decempunctata
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAZ1574
Sample ID: CNC1617-11
License: CreativeCommons – Attribution 
Non-Commercial Share-Alike
License Holder: CNC/BIO Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/CNC/C
NC_COLEO_00117795%2B130868499
0.JPG
7 – Tarsal Claws (from 6)
a) Small teeth on tarsal claws………………………………………………………………………………8
b) Tarsal claws smooth…………………………………………………………………………………….10
*Teeth on the tarsal claws may be difficult to see and require positioning of the 
specimen. 
a) b)
TarsusTarsal claws
8 – Setiferous Puncture on Thorax (from 7)
a) Puncture on lower edge of thorax, not corner………….....……..Synuchus impunctatus
b) Puncture in lower corner of thorax………………………………………………………………….9
*This characteristic can be difficult to gauge, especially if the setae have broken off. 
Refer to taxonomic expert if necessary. There are also additional setae higher up on 
the sides of the prothorax, which do not pertain to this character.
a) b)
Seta on side of 
prothorax
Seta in basal 
corner of 
prothorax
Synuchus impunctatus
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAC1927
Sample ID: CNCCB427-11
License: CreativeCommons –
Attribution NonCommercial
ShareAlike (2011)
License Holder: CNC/BIO 
Photography Group, Centre for 
Biodiversity Genomics
http://www.boldsystems.org/pics/CNCC
B/CNC_COLEO_00118605%2B1307
980876.JPG
9 – Shape of Basal Prothorax (from 8)
a) Basal end of pronotum (furthest from the head) square………………Calathus ingratus
b) Basal end of pronotum constricted…………….………………………..……Calathus advena
a) b)
Calathus ingratus
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAC4547
Sample ID: CNCCB418-11
License: CreativeCommons – Attribution 
Non-Commercial Share-Alike 
License Holder: CNC/BIO Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/CNCCB
/CNC_COLEO_00118596%2B1308754
882.JPG
Calathus advena
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAW8321
Sample ID: CNCCB420-11
License: CreativeCommons – Attribution 
NonCommercial ShareAlike (2011)
License Holder: CNC/BIO Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/CNCCB
/CNC_COLEO_00118598%2B1307982
920.JPG
10 – Setiferous Dorsal Punctures (from 7)
a) Setiferous dorsal punctures absent………………………….…………………………………….11
b) Setiferous dorsal punctures present ……………………………………………………………..14
*Setiferous dorsal punctures can be difficult to see, and the setae often break off. 
Look for small dents in the elytra, which are usually symmetrical across both elytra. 
Setae ringing the edges of the elytra do not count.
a) b)
Setiferous
dorsal 
puncture
11 – Size (from 10)
a) 10+mm………………………….………………………………………………………………………….12
b) Under 10mm……………………………..…………………………………………………………..…13
12 – Front-angles of Prothorax (from 11)
a) Distinct front-angles……………………….…………………………….Pterostichus herculaneus
b) Rounded front-angles…………………………………….…………..Pterostichus neobrunneus
*This can be difficult to see, may need to position specimen to assess from multiple 
different angles.
a) b)
Distinct front-angle
Rounded front-angle
Pterostichus herculaneus
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAY8414
Sample ID: CNCCB460-11
License: CreativeCommons – Attribution 
NonCommercial ShareAlike (2011)
License Holder: CNC/BIO Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/CNCCB
/CNC_COLEO_00118438%2B1307976
458.JPG
Pterostichus neobrunneus
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:ABZ0193
Sample ID: CNCCB265-11
License: CreativeCommons – Attribution 
Non-Commercial Share-Alike 
License Holder: CNC/BIO Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/CNCCB
/CNC_COLEO_00118443%2B1308752
620.JPG
13 – Palp Colour (from 11)
a) Pale palps………………………….……………………………………….….……….Amara idahoana
b) Dark palps…………………………………….……………………….……….………..Amara erratica
a) b)
Amara idahoana
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAY7567
Sample ID: CNCCB743-11
License: CreativeCommons –
Attribution NonCommercial
ShareAlike (2011)
License Holder: CNC/BIO 
Photography Group, Centre for 
Biodiversity Genomics
http://www.boldsystems.org/pics/C
NCCB/CNC_COLEO_00118921
%2B1308763352.JPG
Amara erratica
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:ACE3664
Sample ID: COLFG720-14
License: CreativeCommons – Attribution 
NonCommercial
License Holder: Marko Mutanen, 
University of Oulu
http://www.boldsystems.org/pics/COLFG
/ZMUO.013355%2B1400786296.JPG
14 – Last Tarsal Segment (from 10)
a) Ventral surface of last tarsal segment glabrous, no setae…………………………………15
b) 1-2 rows of setae on ventral surface of last tarsal segment……………………………….16
a) b)
Final tarsal segment
Final tarsal segment
Setae
15 – Elytra (from 14)
a) Elytra rough, easily damaged, many (usually more than 4) irregularly placed dorsal 
punctures…………………………………………………………………………..Pterostichus adstrictus
b) Elytra sturdy, fewer dorsal punctures (4 or less) which are usually symmetrical……… 
………………………………………………………………………………………….….Patrobus fossifrons
a) b)
Pterostichus adstrictus
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAH1018
Sample ID: USCOL267-09
License: CreativeCommons – Attribution 
NonCommercial Share-Alike
License Holder: CBG Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/USCOL/I
MG_4902%2B1250189412.JPG
Patrobus fossifrons
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:ACL2975
Sample ID: INRMA1126-14
License: CreativeCommons – Attribution 
NonCommercial ShareAlike (2014)
License Holder: CBG Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/INRMA/
BIOUG09880-A04%2B1390831342.JPG
16 – Size (from 14)
a) 12+mm………………………….……………………………………………Pterostichus melanarius
b) Under 12mm……………………………..…………………………………………………………..…17
Pterostichus melanarius
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAC0661
Sample ID: RRSSA2334-15
License: CreativeCommons – Attribution 
NonCommercial ShareAlike (2016)
License Holder: CBG Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/RRSSA/B
IOUG22635-G02%2B1467037940.jpg
17 – Leg Colour (from 16)
a) Bright yellow legs…………………………………………………………………Agonum gratiosum
b) Darker legs…………………………………………………………………………………………………18
a) b)
Agonum gratiosum
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAF9269
Sample ID: CNCCB460-11
License: CreativeCommons – Attribution 
Non-Commercial Share-Alike 
License Holder: CNC/BIO Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/CNCCB/
CNC_COLEO_00118638%2B130875590
4.JPG
18 – Supraorbital Punctures (from 17)
a) 1 supraorbital puncture………………………………………………………………………………19
b) 2 supraorbital punctures……………………………………………………Pterostichus riparius
*May be difficult to see, check both eyes if uncertain.
a) b)
Supraorbital puncture Supraorbital punctures
Pterostichus riparius
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAP7087
Sample ID: BBCCM283-10
License: CreativeCommons – Attribution 
Non-Commercial Share-Alike 
License Holder: CBG Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/BBCCM/
ImageData_%5B11%5D%2B1291832820.
JPG
19 – Basal Fovea of Prothorax (from 18)
a) Basal fovea (“dent” near hind margin of pronotum) small, deep, not very evident…. 
………………………………………………………………………………………..Harpalus somnulentus
b) Basal fovea large, deep, clearly evident…………………...…………….Harpalus nigritarsis
*Refer to expert if necessary. Distinction within Harpalus genus may not be 
ecologically significant within Chun T’Oh Wudujut
a) b)Basal fovea Basal fovea
Harpalus somnulentus
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:ACF0418
Sample ID: COLNF2174-15
License: CreativeCommons – Attribution 
Non-Commercial Share-Alike 
License Holder: CBG Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/COLNF/
CCDB-23051-G12%2B1422642088.jpg
Harpalus nigritarsis
http://www.boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAF1757
Sample ID: LYMAB3892-15
License: CreativeCommons – Attribution 
NonCommercial ShareAlike (2015)
License Holder: CBG Photography 
Group, Centre for Biodiversity Genomics
http://www.boldsystems.org/pics/LYMAB/
CCDB-23524-H08%2B1443710030.JPG
